HITACHI® IC MEMORY DATA BOOK 




#M11.1 


■ 



IC MEMORY 
DATA BOOK 



<$^ HITACHI 



#M11.1 \i::4/ III M Jr^X^WMM CS-E410T 



When using this document, keep the following in mind: 

1. This document may, wholly or partially, be subject to change without 
notice. 

2. All rights are reserved: No one is permitted to reproduce or duplicate, in 
any form, the whole or part of this document without Hitachi's permission, 

3. Hitachi will not be held responsible for any damage to the user that may 
result from accidents or any other reasons during operation of the user's 
unit according to this document. 

4. Circuitry and other examples described herein are meant merely to indi- 
cate the characteristics and performance of Hitachi's semiconductor prod- 
ucts. Hitachi assumes no responsibility for any intellectual property claims 
or other problems that may result from applications based on the examples 
described herein. 

5. No license is granted by implication or otherwise under any patents or 
other rights of any third party or Hitachi, Ltd. 

6. MEDICAL APPLICATIONS: Hitachi's products are not authorized for 
use in MEDICAL APPLICATIONS without the written consent of the 
appropriate officer of Hitachi's sales company. Such use includes, but is 
not limited to, use in life support systems. Buyers of Hitachi's products are 
requested to notify the relevant Hitachi sales offices when planning to use 
the products in MEDICAL APPLICATIONS. 
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2,048-word x 8-bit High Speed Hi-BiCMOS Static RAM (with OE). 
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16,384-word x 4-bit High Speed CMOS Static RAM. 



16,384-word x 4-bit High Speed Hi-BiCMOS Static RAM 

16,384-word x 4-bit High Speed Hi-BiCMOS Static RAM 

16,384-word x 4-bit High Speed Static RAM 

16,384-word x 4-bit High Speed CMOS Static RAM (with OE). 
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HN62308BP Only Memory 

HN62308BF 

• HN66403P SERIES 524,288-word x 16-bit/1, 048,576-word x 8-bit CMOS 1123 

HN66403P Mask Programmable Read Only Memory 

• HN624016 SERIES 1,048,576-word x 16-bit/2, 097,1 52-word x 8-bit CMOS 1127 

HN624016P Mask Programmable Read Only Memory 

HN624016F 
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MOS PROM 

• HN58064 SERIES 8,192-word x 8-bit Electrically Erasable and Programmable ROM. . . 1 132 

HN58064P-25/30 

• HN58C65 SERIES 8,192-word x 8-bit Electrically Erasable and Programmable 1 138 

HN58C65P-25 CMOS ROM 

HN58C65FP-25 

• HN58C66 SERIES 8,192-word x 8-bit CMOS Electrically Erasable and 1 147 

HN58C66P-25 Programmable ROM 

HN58C66FP-25 

• HN58C256 SERIES 32,768-word x 8-bit Electrically Erasable and Programmable 1 156 

HN58C256P-15/20 CMOS ROM 

HN58C256FP-15/20 

• HN27C256AG SERIES 32,768-word x 8-bit UV Erasable and Programmable ROM 1 158 

HN27C256AG-10/12/15 

• HN27C256HG SERIES 32,768-word x 8-bit CMOS UV Erasable and Programmable ROM . . 1 166 

HN27C256HG-70/85 

• HN27512G SERIES 65,536-word x 8-bit UV Erasable and Programmable ROM 1 176 

HN27512G-25/30 

• HN27C1024HG SERIES 65,536-word x 16-bit CMOS UV Erasable and Programmable ROM . 1 183 

HN27C1024HG-85/10 
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QUICK REFERENCE GUIDE TO HITACHI MEMORIES 



■ MOS RAM 



Mode 


Total 


Type No. 


Process 


Organization 
(word X bit) 


Access 
Time 


Cycle 
Time 


Supply 

Vbltage 

(V) 


Power 

Dissipation 

(W) 


Package *i 


Page 




PmNo 


6 




FP 


SP 


ZP 


CG 


CP 


JP 


M 






16i<-b 


HM6116-2-2 


CMOS 


2048x8 


120 


120 


+ 5 


O.lm/0.2 


24 




















64 




HM6116-3*2 


150 


150 


0.1m/0.175 




















64 




HM6116-4-2 


200 


200 




















64 




HM6116L-2*2 


120 


120 


10/t/0.175 




















64 




HM6116L-3-2 


150 


150 


10/1/0.15 




















64 




HM6116L-4-2 


200 


200 




















64 




HIVI6116A-12-2 


120 


120 


0.1m/15m 




















69 




HM6116L-15-2 


150 


150 




















69 




HIVI6116A-20*2 


200 


200 




















69 




HM6116AL-12-2 


120 


120 


5/i/10m 




















69 




HM6116AL-15-2 


150 


150 




















69 




HiVI6116AL-20*2 


200 


200 




















69 




HM6716-25 


Bi-CiVIOS 


(with"OE) 


25 


25 


0.28 




















74 




HIVI6716-30 


30 


30 




















74 




HM6719-25 


25 


25 




















74 




HM6719-30 


30 


30 




















74 




HM6268-25 


CIVIOS 


4096x4 


25 


25 


O.V/0.25 


20 




















80 




HM6268-35 


35 


35 




















80 




HIVI6268-45 


45 


45 




















80 




HM6268L-25 


25 


25 


5/i/0.25 




















80 




HM6268L-35 


35 


35 




















80 




HIVi6268L-45 


45 


45 




















80 




HM6267-35 


16384x1 


35 


35 


O.lm/0.2 




















87 




HiVI6267-45 


45 


45 




















87 




HM6267-55 


55 


55 




















87 




HIVI6267L-35 


35 


35 


5/t/0.2 




















87 




HM6267L-45 


45 


45 




















87 


Static 


HIVI6267L-55 


55 


55 




















87 




18k-b 


HM6719-25 


Bi-CIVIOS 


2048x9 


25 


25 


0.28 


24 




















74 




HM6719-30 


30 


30 




















74 




16k-b 


HM6264-10*2 


CIVIOS 


8192x8 


100 


100 


0.1m/0.2 


28 




















94 




HM6264-12-2 


120 


120 




















94 




HM6264A-10 


100 


100 


0.1m/15nfi 




















94 




HIVI6264A-12 


120 


120 




















94 




HM6264A-15 


150 


150 




















94 




HIVI6264AL-10 


100 


100 


10/x/15m 




















94 




HM6264AL-12 


120 


120 




















94 




HIVI6264AL-15 


150 


150 




















94 




HM6264AL-10L 


100 


100 


10/i/15m 




















94 




HM6264AL-12L 


120 


120 




















94 




HM6264AL-15L 


150 


150 




















94 




HIVI6288-25 


16384x4 


25 


25 


O.lm/0.3 


22 

24 
(SOI) 
















• 




103 




HM6288-35 


35 


35 
















• 




103 




HIVI6288L-25 


25 


25 
















• 




103 




HIVI6288L-35 


35 


35 


















• 




103 




HiVI6788-25 


Bi-CMOS 


25 


25 


10m/0.23 


22 




















111 




HM6788-35 


35 


35 




















111 




HIVI6788H-20 


20 


20 


0.28 




















115 




HM6788HA-12 


12 


12 


.3 








• 












119 




HIVI6788HA-15 


15 


15 




















119 




HM6788HA-20 


20 


20 




















119 




64k-b 


HM6289-25 


CMOS 


16384x4 
(with OE) 


25 


25 


O.lm/0.3 


24 
















• 




124 




HIVI6289-35 


35 


35 
















• 




124 




HM6289L-25 


25 


25 
















• 




124 




HIVI6289L-35 


35 


35 
















• 




124 
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Xlli 



QUICK REFERENCE GUIDE 



■ MOS RAM 



Mode 


Total 


Type No 


Process 


Organization 
(word X bit) 


Access 
Time 

& 


as 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Pacl<age *i 


Page 




Pin No 


G 


P 


FP 


SP 


ZP 


CG 


OP 


jp 


M 






256k-b 


HM6789-25 


Bi-CMOS 


16384x4 
(with OE 


25 


25 


+ 5 


IO/t/0.23 


24 








A 








• 




135 




HM6789-30 


30 


30 




















135 




HM6789H-15 


15 


15 


0.28 














r 






142 




HM6789H-20 


20 


20 




















142 




HM6789HA-12 


12 


12 




















149 




HM6789HA-15 


15 


15 




















149 




HM6789HA-20 


20 


20 

















• 




149 




HM6287-45 


CMOS 


65536x1 


45 


45 


O.lm/0.3 


22 




















157 




HM6287-55 


55 


55 




















157 




HM6287-70 


70 


70 




















157 




HM6287L-45 


45 


45 


10fi/0.3 




















157 




HM6287L-55 


55 


55 




















157 




HM6287L-70 


70 


70 




















157 




HM6287H-25 


25 


25 


O.lm/0.3 


22 

24 

(SOJ) 
















• 




164 




HM6287H-35 


35 


35 
















• 




164 




HM6287HL-25 


25 


25 


IO/i/0.3 
















• 




164 




HM6287HL-35 


35 


35 
















• 




164 




HM6787-25 


Bi-CMOS 


25 


25 


38m/0.18 




















173 




HM6787-35 


35 


35 




















173 




HM6787H-15 


15 


15 


0.21 
















• 




178 




HM6787H-20 


20 


20 
















• 




178 




HM6787HAJP-12 


12 


12 


.3 
















• 




178 




HM6787HAJP-15 


15 


15 








• 








• 




183 




HM6787HAJP-20 


20 


20 
















• 




183 




HM62256-8 


CMOS 


32768x8 


85 


85 


0.2m/40m 


28 




















189 




HM62256-10 


100 


100 




• 
















189 




HM62256-12 


120 


120 




















189 




HM62256-15 


150 


150 




• 
















189 




HM62256L-8 


85 


85 


^Ofi/AOm 




















189 




HM62256L-10 


100 


100 




















189 




HM62256L-12 


120 


120 




















189 


Static 


HM62256L-15 


150 


150 




















189 




HM62256L-10SL 


100 


100 


10^/40nfi 




















189 




HM62256L-12SL 


120 


120 




















189 




HM62256L-15SL 


150 


150 




















189 




HM62832-35 


35 


35 


75m/.3 





















197 




HM62832-45 


45 


45 








• 












197 




HM62832L-35 


35 


35 


10m/ 3 








• 












197 




HM62832L-45 


45 


45 




















197 




HM62832H-25 


25 


25 


1m/.3 








• 












197 




HM62832H-35 


35 


35 




















197 




HM62832H-45 


45 


45 




















197 




HM62832HL-25 


25 


25 


30m/ 3 




















197 




HM62832HL-35 


35 


35 




















197 




HM62832HL-45 


45 


45 




















197 




HM6208-35 


65536x4 


35 


35 


O.lm/0.3 


24 




• 
















203 




HM6208-45 


45 


45 




• 
















203 




HM6208L-35 


35 


35 


IO/i/0.3 




• 
















203 




HM6208L-45 


45 


45 




• 
















203 




HM6208H-25 


25 


25 


0.1m/0 3 




















203 




HM6208H-35 


35 


35 




















203 




HM6208HL-25 


25 


25 


10/t/0.3 




















203 




HM6208HL-35 


35 


35 




















203 




HM6708-20-3 


Bi-CMOS 


20 


20 


35 




















211 




HM6708-25*3 


25 


25 




















211 




HM6708A-15 


15 


15 


.4 






• 








• 






217 




HM6708A-20 


20 


20 






• 








• 






217 




HM6708A-25 


25 


25 






• 








• 






217 




HM6709-20 


20 


20 


.35 


28 
















• 




222 




HM6709-25 


25 


25 
















• 




222 




HM6709A-15 


15 


15 


.4 








• 








• 




229 




HI\/l6709A-20 


20 


15 








• 












229 




HM6709A-25 


25 


25 








• 












229 
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QUICK REFERENCE GUIDE 



■ MOS RAM 



Mode 


Total 


Type No 


Process 


Organization 
(word X bit) 


Access 
Time 

Max 


Cycle 
Time 

Max 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Package *i 


Page 




Pin No 


G 


P 


FP 


SP 


ZP 


CG 


CP 


JP 


M 






256k-b 


HM6207-35 


CMOS 


262144x1 


35 


35 


+ 5 


01m/0 3 


24 




















236 




HM6207-45 


45 


45 




















236 




HM6207L-35 


35 


35 


lO/i/O 3 




















236 




HM6207L-45 


45 


45 




















236 




HM6207H-25 


25 


25 


O.lm/0.3 




















243 




HM6207H-35 


35 


35 




















243 




HM6207HL-25 


25 


25 


IO/i/0.3 




















243 




HM6207HL-35 


35 


35 




















243 




HM6707-20-3 


Bi-CMOS 


20 


20 


0.35 




















250 




HM6707-25'3 


25 


25 




















250 




HM6707A-15 


15 


15 


4 




















255 




HM6707A-20 


20 


20 




















255 




HM6707A-25 


25 


25 




















255 




1M-b 


HM628128-7-3 


CMOS 


131072x8 


70 


70 


01m/75m 


32 




















261 


Static 


HM628128-8-3 


85 


85 




















261 




HM628128-10-3 


100 


100 




















261 




HM628128-12-3 


120 


120 




















261 




HM628128L-7-7 


70 


70 


^0|l/75^) 




















261 




HM628128L-8*7 


85 


85 




















261 




HM628128L-10*7 


100 


100 




















261 




HM628128L-12-7 


120 


120 




















261 




HM624256-35*3 


Z62144x4 


35 


35 


Olm/0.35 


28 








• 












269 




HM624256-45*3 


45 


45 








• 












269 




HM624256L-35*3 


3b 


3b 


.1m/ 35 








• 








• 




269 




HM624256L-45*3 


45 


45 








• 












269 




HM624257-35*4 


35 


35 


Olm/0.35 


32 




















275 




HM624257-45-4 


45 


45 




















275 




HM624257L-35*4 


35 


35 




















275 




HM624257L-45-4 


45 


45 




















275 


Static 
RAM 
Module 


HM66204-12*4 


131072x8 

(with 
decoder) 


120 


120 


0.8m/50m 


















• 


283 


HM66204-15*4 


150 


150 


















• 


283 


HM66204L-12-4 


120 


120 


40;t/50m 


















• 


283 




HM66204L-15*4 


150 


150 


















• 


283 




18k-bit 


HM63921-20 


2kx9 


20 


30 


10W 
max. 


28 




^ 
















289 




HM63921-25 


25 


35 




















289 


FIFO 


HM63921-35 


35 


45 




• 
















289 


36k-bit 


HM63941-25 


4kx9 


25 


35 




• 
















289 




HM63941-35 


35 


45 




• 
















289 




HM63941-45 


45 


60 




















289 




120k-b 


HM62A168-25 


8kx16 
(2 way) 


25 


25 


11 
(max) 


52 




















311 




HM62A168-35 


35 


35 




















311 




HM62A168-45 


45 


45 




















311 


Cache 
Static 
RAMs 


128k-b 


HM62A188-25 


8kx18 
(2 way) 


25 


25 




















311 


HM62A188-35 


35 


35 




















311 


HM62A188-45 


45 


45 




















311 




256k-b 


HM67C932-20 


Bi-CMOS 


32k X 9 
(4 way) 


20 


20 


TBD 


44 




















319 




HM67C932-25 


25 


25 




















319 




HM67B932-20 


20 


20 




















t 




HM67B932-25 


25 


25 




















t 




HB66B1616A-25 


CMOS 


16k X 16 
(module) 


25 


25 


4m/1.2 


36 


















• 


333 


Fast 
SRAM 
Module 


HB66B1616A-35 


35 


35 


















• 


333 


2M-b 


HB66A2568A-25 


256k X 8 
(module) 


25 


25 


.8m/2 4 


60 


















• 


343 




HB66A2568A-35 


35 


35 


















• 


343 


TAG 


32k-b 


HM644332-25 


2kx20 
(tag ram) 


25 


25 


10 
max 


64 




















351 


RAM 


HM644332-30 


30 


30 




















351 



tOata sheet not included in this manual. Request data sheet for HM67B932. 
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QUICK REFERENCE GUIDE 



■ MOS RAM 



Mode 


Total 


Type No 


Process 


Organization 
(word X bit) 


Access 
Time 

ft') 
Max 


Cycle 
Time 

& 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Package *i 


Page 




Pin No 


G 


' 


FP 


SP 


ZP 


CG 


OP 


JP 


M 






256k-b 


HM65256B-10 


CMOS 


32768x8 


100 


100 


+ 5 


2m/0175 


28 




^ 
















369 




HM65256B-12 


120 


190 




















369 




HM65256B-15 


150 


235 




















369 




HM65256B-20 


200 


310 




















369 




HM65256BL-10 


100 


180 




















369 




HM65256BL-12 


120 


190 




















369 


Pseudo 


HM65256BL-15 


150 


235 




















369 


Static 


HM65256BL-20 


200 


310 




















369 




HM658128D-10 


131072x8 


100 


180 


5m/0.2 


32 




















376 




HM658128D-12 


120 


210 




















376 




HM658128D-15 


150 


250 




















376 




HM658128L-10 


100 


180 


5m/0.2 




















376 




HM658128L-12 


120 


210 




















376 




HM658128L-15 


150 


250 




















376 




16k-b 


HM63021-28 


2048x8 


20 


28 


25 


18 




















388 




HM63021-34 


24 


34 




















388 




HM63021-45 


30 


45 




















388 




1M-b 


HM53051-45 


262144x4 


35 


45 


02 


28 




















402 




HM63021-60 


40 


60 




















402 




256k-b 


HM53461-10 


65536x4 
Multi-port 


100 


190 


35m/0 55 


24 










* 










412 




HM53461-12 


120 


220 










^ 










412 




HM53461-15 


150 


260 




















412 




HM53462-10 


100 


190 




















425 




HM53462-12 


120 


220 




















425 




HM53462-15 


150 


260 




















425 




1M-b 


HM538121-10*3 


131072x8 


100 


190 


40 




















569 




HM538121-12*3 


120 


220 




















569 




HM538121-15*3 


150 


260 
















• 




569 


Video 
Memory 


HM538122-10*3 


100 


190 




















444 


HM538122-12-3 


120 


220 




















444 


HM538122-15*3 


150 


260 




















444 




HM538123-10-3 


100 


190 




















470 




HM538123-12*3 


120 


220 




















470 




HM538123-15*3 


150 


260 




















470 




HM534251-10*3 


262144x4 
Multi-port 


100 


190 


28 




















469 




HM534251-ir3 


100 


190 










• 










469 




HM534251-12*3 


120 


220 




















469 




HM534251-15*3 


150 


260 




















469 




HM534252-10*3 


100 


190 




















516 




HM534252-ir3 


100 


190 




















516 




HM534252-12*3 


120 


220 




















516 




HM534252-15*3 


150 


260 




















516 




HM534253-10*3 


100 


190 




















542 




HM534253-12-3 


120 


220 




















542 




HM534253-15-3 


150 


260 




















542 




256k-b 


HM50464-12 


NMOS 


65536x4 


120 


220 


20m/0.35 


18 




















590 




HM50464-15 


150 


260 




















590 




HM50464-20 


200 


330 




















590 




HM50256-12 


262144x1 


120 


220 


16 
18 




















598 




HM50256-15 


150 


260 




















598 




HM50256-20 


200 


330 




















598 


Dynamic 


HM51256-8 


CMOS 


85 


155 


10m/0.35 




















606 


HM51256-10 


100 


180 




















606 




HM51256-12 


1205 


210 




















606 




HM51256-15 


150 


250 


(HLCC) 




















606 




HM51256L-8 


85 


155 




















606 




HM51256L-10 


100 


185 




















606 




HM51256L-12 


120 


210 




















606 




HM51256L-15 


150 


250 




















606 



(continued) 
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HITACHI 
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QUICK REFERENCE GUIDE 



■ MOS RAM 



Mode 


Total 


Type No 


Process 


Organization 
(word X bit) 


Access 
Time 

as 


Cycle 
Time 

Max 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Package *1 


Page 




PmNo 


G 


P 


FP 


SP 


ZP 


CG 


CP 


JP 


M 






1M-b 


HM51258-8 


CMOS 


262144x1 


85 


150 


+ 5 


IOm/0.35 


16 




















614 




HM51258-10 


100 


180 




• 
















614 




HM51258-12 


120 


210 




















614 




HM51258-15 


150 


250 




« 
















614 




HM514256-8 


1048576x1 


80 


160 


10m/0.33 


18 




















623 




HM514256-10 


100 


190 




















623 




HM514256-12 


120 


220 




















623 




HM514256-8S 


80 


160 




















635 




HM514256-10S 


100 


190 




















635 




HM514256-12S 


120 


220 




















635 




HM514256A-8 


80 


160 




















635 




HM514256A-10 


100 


190 




















635 




HM514256A-12 


120 


220 




















635 




HM514256API-6 


60 


120 


11/495 










• 










651 




HM514256API-7 


70 


130 


11/440 










• 










651 




HM514256API-8 


80 


160 


11/385 




















651 




HM514256API-10 


100 


190 


11/330 




















651 




HM514256API-12 


120 


220 


11/275 




















651 




HM514256H-6 


60 


120 


10m/0 45 










• 










667 




HM514256H-7 


70 


140 




















667 




HM514258-8S 


80 


160 


IOm/0 375 




















696 




HM514258-10S 


100 


190 










• 










696 




HM514258-12S 


120 


220 










• 










696 




HM514258A-8 


80 


160 




















696 




HM514258A-10 


100 


190 




















696 




HM514258A-12 


120 


220 




















696 




HM514266A-6 


60 


120 


11/495 










• 










711 




HM514266A-7 


70 


130 


11/440 




















711 


Dynamic 


HM514266A-8 


80 


160 


11/363 




















711 




HM514266A-10 


100 


190 


11/303 




















711 




HM514266A-12 


120 


220 


11/259 




















711 




HM514256-8 


80 


160 


11/363 




















711 




HM514256-10 


10 


190 


11/303 




















711 




HM514256-12 


12 


220 


11/259 




















711 




HM511000-8S 


80 


160 


IOnn/0.35 




















725 




HM511000-10S 


100 


190 




















725 




HM511000-12S 


120 


220 




















725 




HM511000A-8 


80 


160 


IOm/0 375 




















725 




HM511000A-10 


100 


190 




















725 




HM511000A-12 


120 


220 




















725 




HM511000ALP-8 


80 


160 


1.7/385 




















737 




HM511000ALP-10 


100 


190 


1 7/330 




















737 




HM511000ALP-12 


120 


220 


1.7/275 




















737 




HM511000ALJP-8 


80 


160 


1 7/385 




















737 




HM511000ALJP-10 


100 


190 


1 7/330 




















737 




HM511000ALJP-12 


120 


220 


1.7/275 




















737 




HM511000H-6 


60 


125 


IOm/0.45 




















751 




HM511000H-7 


70 


140 




















751 




HM511001-8S 


80 


160 


IOm/0.35 




















762 




HM511001-10S 


100 


190 




















762 




HM511001-12S 


120 


220 




















762 




HM511001A-8 


80 


160 




















773 




HM511001A-10 


100 


190 




















773 




HM511001A-12 


80 


160 




















773 




HM511002-8S 


80 


160 




















816 




HM511002-10S 


100 


190 




















816 




HM511002-12S 


120 


220 




















816 
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QUICK REFERENCE GUIDE 



■ MOS RAM 



Mode 


Total 


Type No 


Process 


Organization 
(word X bit) 


Access 
Time 

SI 


Cycle 
Time 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Package *i 


Page 




Pin No 


G 


P 


FP 


SP 


ZP 


CG 


CP 




M 






1M-b 


HM511002A-8 


CMOS 


1,048,576x1 


80 


160 


5V 


IOm/0.45 






• 






• 










816 




HM511002A-10 


100 


190 




• 






• 










816 




HM511002A-12 


120 


220 




• 






• 










816 




HM57100JP-35R 


Bi-CMOS 


IMxl 


35 


70 


1W 


28 




















803 




HM57100JP-40R 


40 


80 




















803 




HM57100JP-45R 


45 


85 




















803 




HM574256JP-35R 


35 


70 




















816 




HM574256JP-40R 


40 


80 




















816 




HM574256JP-45R 


45 


85 




















816 




4M-b 


HM514100-8 


CMOS 


4,194,304x1 


80 


150 


11m/ 495 


20 




















855 




HM514100-10 


100 


180 


11m/.44 




















855 




HM514100-12 


120 


210 


11m/.385 




















855 


Dynamic 


HM514100-7 


70 


140 


5v-5 


11m/.55 




















869 




HM514400-8 


1,048,576x4 


80 


150 


5V 


11m/ 495 




















883 




HM514400-10 


100 


180 


11m/ 44 




















883 




HM514400-12 


120 


210 


11m/.385 




















883 




HM514101-8 


4,194.304x1 


80 


150 


11m/.495 




















883 




HM514101-10 


100 


180 


11m/.44 




















883 




HM514101-12 


120 


210 


11m/.385 




















883 




HM514102-8 


80 


150 


11m/.495 




















883 




HM514102-10 


100 


180 


11m/.44 




















883 




HM514102-12 


120 


210 


11m/.385 




















883 




HM514410-8 


1,048,576x4 


80 


150 


11m/ 495 




















883 




HM514410-10 


100 


180 


11m/.44 




















883 




HM514410-12 


120 


210 


11m/.385 




















883 






HB561008-12 


NMOS 


262144x8 


120 


210 


0.12/2.42 




















963 




HB561008-15 


150 


260 


012/2.42 




















963 




HB561003-12 


262144x9 


120 


210 


0.135/2 55 




















854 




HB561003-15 


150 


260 


0.135/2.16 




















854 




HB561409-10 


CMOS 


100 


180 


60m/1 8 




















958 




HB56A18-10S 


1048576x8 


100 


180 


20m/1 4 




















831 




HB56A18-12S 


120 


210 




















831 




HB56A18-10A 


100 


180 




















831 




HB56A18-12A 


120 


210 




















831 




HB56A19-10S 


1048576x9 


100 


180 


20m/1.6 




















843 




HB56A19-12S 


120 


210 




















843 




HB56A19-10A 


100 


180 




















843 




HB56A19-12A 


120 


210 




















843 




HB56C18-10 


1048576x8 


100 


190 


20m/1.8 




















843 




HB56C18-12 


120 


220 




















843 


DRAM 


HB56C18AT-8A 


1048576x9 


80 


560 


88/3.08 




















837 


Module 


HB56C18AT-10A 


100 


A80 


88/2.6A 




















837 




HB56C18AT-12A 


120 


400 


88/2.20 




















837 




HB56C19-8 


80 


630 


99/3465 




















849 




HB56C19-10 


100 


190 


22m/2.0 




















849 




HB56C19-12 


120 


220 




















849 




HB56C19AT-8A 


80 


630 


99/3465 




















849 




HB56C19AT-10A 


100 


540 


99/2970 




















849 




HB56C19AT-12A 


120 


450 


99/2475 




















849 




HB56D25608A-6H 


262,144x8 


60 


180 


22/990 




















967 




HB56D25608A-7H 


70 


160 


22/880 




















967 




HB56D25608A-8A 


80 


132 


22/726 




















967 




HB56D25608A-10A 


100 


110 


22/605 




















967 




HB56D25608A-12A 


120 


94 


22/517 




















967 




HB56D25609A-85A 


262,144x9 


85 


202 


33/1.11 




















979 




HB56D25609A-10A 


100 


170 


33/94 




















979 




HB56D25609A-12A 


120 


144 


33/.79 




















979 
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QUICK REFERENCE GUIDE 



■ MOS RAM 



Mode 


Total 


Type No 


Process 


Organization 
(word X bit) 


Access 
Time 

Max 


Cycle 
Time 
(ns) 
Max 


Supply 

Vbltage 

(V) 


Power 

Dissipation 

(W) 


Package *i 


Page 




Pin No 


G 


P 


FP 


SP 


ZP 


06 


OP 


JP 


M 








HB56D25609B-85A 


CMOS 


262,144x9 


85 


202 




33/1.11 


30 




















979 




HB56D25609B-10A 


100 


176 


33/.94 




















979 




HB56D25609B-12A 


120 


144 


33/79 




















979 




HB56D25636B-85 


262,144x36 


85 


160 


126/4.24 


72 




















991 




HB56D25636B-10 


100 


190 




















991 




HB56D25636B-12 


120 


220 




















991 




HB56D51236B-85 


524,288x36 


85 


160 


252/4.58 




















1003 




HB56D51236B-10 


100 


190 


252/3.91 




















1003 




HB56D51236B-12 


120 


220 


252/3. 36 




















1003 




4M-b 


HB56A49-8 


4,194,304x9 


80 


160 


5V 


99m/4 455 


30 




















1027 


DRAM 
Module 


HB56A49-10 


100 


190 


99m/3.96 




















1027 


HB56A49-12 


120 


220 


99m/4 405 




















1027 




HB56A48-8 


4,194,304x8 


80 


160 


88m/3 96 




















1015 




HB56A48-10 


100 


190 


88m/3.52 




















1015 




HB56A48-12 


120 


220 


88m/3.08 




















1015 




HB56D136-8 


1,045,576 
36 


80 


160 


5V 
±5% 


126m/5.25 


72 




















1039 




HB56D136-10 


100 


190 


126m/4.62 




















1039 




HB56D136-12 


120 


220 


126m/3.99 




















1039 




HB56D236-8 


2,097,152 
x36 


80 


160 


252m/5.57 




















1049 




HB56D236-10 


100 


190 


252m/4.94 




















1049 




HB56D236-12 


120 


220 


252m/4.31 




















1049 



■ MOS ROM 



Program 


Total 
Bit 


Type No. 


Process 


Organization 
(word X bit) 


Access 
Time 
(ns) 
Max 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Package *i 


Page 




Pin No 


G 


P 








256k-b 


HN623257 


CMOS 


32768x8 


150 


5 + 


5/x/OI 


28 








1060 




HN623258 


200 








1063 




IM-b 


HN6233r3 


131072x8 


120 








1069 




HN62321 


150 








1066 




HN62321B 


200 








1077 




HN62331E-3 


120 








1077 




HN62321E 


200 








1077 




HN62331A-3 


120 


32 








1069 




HN62321A 


150 








1080 




2M-b 


HN62422*3 


131072x16 
or 262144x8 


150 


40/44 








1083 


Mask 


HN62412 


200 








1083 


4M-b 


HN62424-3 


262144x16 
or 524288x8 


150 


40/44 








1087 




HN62404 


200 








1087 




HN62324B-3 


524288x8 


150 


32 








1091 




HN62304B 


200 








1091 




HN62414 


262144x16 
or 524288x8 


200/170 


40 








1101 




200/170 


44/48 








1101 




HN62314 


512Kx8 


200/170 


32 








1107 




HN62444 


512Kx8 


100 


40 






• 


1095 




256x16 


100 


44/48 








1095 




8M-b 


HN62408*3 


524288x16 
or 1048576x8 


200 


42/44 




• 


• 


1114 
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QUICK REFERENCE GUIDE 



■ MOS ROM 



Program 


Total 
Bit 


Type No. 


Process 


Organization 
(word X bit) 


Access 
Time 
(ns) 
Max 


S^e 
(V) 


Power 

Dissipation 

(W) 


Package *i 


Page 




Pin No 


G 


P 


FP 






16M-b 


HN62308B 




1Mx8 


200 


+ 5 


5/i/0.1 


32 




• 


• 


1119 




HN66403P 


1Mx8 
512Kx16 


250 


42 




• 




1123 


Electrically 

Erasable & 

Programmable 


HN624016*3 


1048576x16 
or 20978152x8 


200 




• 




1127 


64k-b 


HN58C65-25 


CMOS 


8192x8 


250 


2m/20m 


28 




• 


• 


1138 




HN58C66-25 


250 




• 


• 


1147 




256k-b 


HN58C256-20'4 


32768x8 


200 


5,jl/0A 




• 


• 


1156 




256k-b 


HN27C256A-10*3 


100 








1158 




HN27C256A-12*3 


120 








1158 




HN27C256A-15*3 


150 








1158 




HN27C256H-70 


70 


015 








1166 




HN27C256H-85 


85 








1166 




512k-b 


HN27512-25 


NMOS 


65536x8 


250 


50m/0 2 








1176 


UV Erasable 


HN27512-30 


300 








1176 


& Electrically 


1M-b 


HN27C1024H-85 


CMOS 


65536x16 


85 


02 


40 








1183 


Programmable 


HN27C1024H-10 


100 








1183 




HN27C101-17 


131072x8 


170 


5/i/0.1 


32 








1192 




HN27C101-20 


200 








1192 




HN27C101-25 


250 








1192 




HN27C301-17 


170 








1200 




HN27C301-20 


200 








1200 




HN27C301-25 


250 








1200 




256k-b 


HN27C256-25T 


32768x8 


250 


5/i/50m 








• 


1209 




HN27C256-30T 


300 






• 


1209 




512k-b 


HN27512-25 


NMOS 


65536x8 


250 


50m/0 2 








1215 




HN27512-30 


300 








1215 




1M-b 


HN27C101-20 


CMOS 


131072x8 


200 


5^/01 


32 






• 


1222 


One Time 

Electrically 

Programmable 


HN27C101-25 


250 






• 


1222 


HN27C301-20 


200 






• 


1229 




HI\l27C301-25 


250 






• 


1229 




HN27C101-AG 


128k X 8 


15/12/10 


• 






1237 




15/12 


• 


• 


• 


1237 




HN27C4096 


256k X 16 


12/12/10 


40 


• 






1247 




12/15 


44 








1247 



Hitachi America, Ltd. • Hitachi Plaza 



0HITACHI 

► 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



QUICK REFERENCE GUIDE 



■ ECL RAM 



Level 


Total 
Bit 


Type No 


Organization 
(word X bit) 


Output 


Access 
Time 

ft') 
Max 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Package *i 


Page 




Pin No 


G 


F 


CG 


JP 






64k-b 


HM10494-10 


16384x4 


Open 


10 


-5 2 


08 


28 


• 








1258 




HM10494-12 


12 


• 








1258 




HM10490-10 


65536-1 


10 


57 


22 


• 








1263 


ECL 10K 


HM10490-12 


12 


• 








1263 




256k-b 


HM10504-10 


65536x4 


10 


50 


28 










1267 




HM10504-12 


12 










1267 




HM10500-15*3 


262144x1 


Emitter 


15 


52 


24 


• 








1269 




64k-b 


HM100494-10*4 


16384x4 


10 


-4 5 


65 


28 


• 








1273 




HM100494-12*4 


12 


• 








1273 




HM100490-10 


65536x1 


15 


57 


22 


• 








1277 




HM100490-12 


20 


• 








1277 




HM100490-15 


• 








1277 




256k-b 


HM100504F-10 


65536x4 


10 


50 


28 










1281 




HM100504F-12 


12 










1281 


ECL100K 


HM100500-18*3 


262144x1 


18 


05 


24/28 


• 




• 




1282 




64k-b 


HM101494-10 


16384x4 


10 


-5 2 


75 


28 


• 








1285 




HM101494-12 


12 


• 








1285 




HM101490-10 


65536x1 


10 


.57 


22 


• 








1289 




HM101490-12 


12 


• 








1289 




HM101504-10 


10 














1293 




HM101504-12 


12 










1293 




HM101500-15*3 




.50 


24 










1294 



*1 The package codes of G, F and CG and applied to the package matenal as follows 

G, cerdip, F, Flat Package, CG, Ceramic Leadless Chip Carner 
*2 Maintenance Only This device is not available for new application 
*3 Preliminary 
*4 Under Development 
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Package Information 



HITACHI 



PACKAGE INFORMATION 



• Dual-in-line Plastic 



Unit: mm (inch) Scale 1/1 



• DP-16B 



19 2(0 756) 

20 32max 



|l6 (OSOOmax) 

n n n n n n ng 



|TI U U I 



^ 



, r o u u c j - 

-JU8_9 ilJLL 

T0035) (0 051)^^ 



(0035) (0 05,)'- I ^1 [^ 

2 544025 olTiOl <-^ - i^q» -^00^0-0002' 
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Dual-in-line Plastic 



PACKAGE INFORMATION 

Unit: mm (inch) Scale 1/1 
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PACKAGE INFORMATION- 
• Dual-in-line Plastic 



Unit: mm (inch) Scale 1/1 



• DP-28 
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-PACKAGE INFORMATION 



• Dual-in-line Plastic 



Unit, mm (inch) Scale 1/1 



• DP-42 



53 7max(2 I Umax) 



nnnnnnnnnnnnnnnr 



UUUUUUUUUUUUUUUUUUUUU ' 

21 
2 





(0 100 + 010) 



^Sr 



(0 019 + 004) ^0° /5° 






Applicable ICs 



HM50256P Series, HM50257P Series, nM512.36P Series, HM512,56LP Series, HM31258P Series 



HM,30464P Series, HM.5()465P Series 



DP-18C 



HM.53(),51P, HMollOOOAP Series, HM,511()00SP Series, HM511000HP Series, HM511001AP Series, HMBIIOOISP Series, 
HM511()02AP Series, HM311002SP Series 



HM6168HP Series, HM6168HLP Series, HM6268P Series, HM6268LP Series HM6167P Series, HM6167LP Series, 
HM6167HP Series, HM6167HLP Series, HM6267P Series, HM6267LP Series 



HM.514256P Series, HM514256AP Series, HM5142,56SP Series, {IM.514256HP Series, HM.'")14258HLP Series, 
HM514258SP Series 



HM6287P Series. HM6287LP Series 



HM6288P Series, HM6288LP Series, HM6788P Series, HM6788HP Series, HM6287HP Series, HM6287HLP Series, 
HM6787P Series. HM6787HP Series 



HM6116P Series, HM6116LP Series, HM6116AP Series, HM6116ALP Series 



DP-24A 



HM53461P Series, HM.53462P Series 



HM6116ASP Series, HM6116ALSP Series 



DP-24NC 



HM6716P Series, HM6719P Series. HM6789P Series. HM6789HP Series, HM62()8P Series. HM62()8LP Series. HM62()8HP Series, 
HM6208HLP Series, HM6708P Series, HM6207P Series, HM62()7LP Series, HM6207HP Series, HM62()7HLP Series. HM6707P Series 



HM6264P Series, HM6264LP Series, HM6264LP-L Series, HM6264AP Series, HM6264ALP Series, HM6264ALP-L Series, 
HM622.56P Series, HM62256LP Series, HM622,56LP-L Series, HM652.56AP Series, HM6.5256BP Series, HM6.5256BLP Series, 
nN623257P, HN623258P, HN62321P, HN62321BP. HN62331P, HN62321EP, HN62331EP, HN62321AP, PiN62,331AP. HN,58064P, 
HN58C66P, HN58C256P, HN27128AP, HN272.56P, HN27512P 



HM6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM65256ASP Series. HM65256BSP Series, 
HM65256BLSP Series, HM63021P Series 



HM628128P Series, HM628128LP Series, HM658128DP Series, HM65256ASP Series, HM652.S6BSP Series, 
HN27C101P Series. HN27C301P Series 



DP-40 



HN62412P, HN62422P, HN62404P, HN62424P 



HN62408P, HN624016P 
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PACKAGE INFORMATION - 
• CERDIP 



Unit: mm (inch) Scale 1/1 



• DG-20N 
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• CERDIP 



-PACKAGE INFORMATION 

Unit: mm (inch) Scale 1/1 



• DG-32 





-1191 








( 1 eso) 






32 

r-i n i-i ri rr"-i r 


T n 1-1 n f-i 1-1 


17 
nnnn 
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(0 lOOtOOlO) 




• DG-40A 



52 07(2 050) 



o 



I 5 , 15 24(0 600) 



2 54max| | [2 54 ±0 25 
(0 lOOmax") (bl00±0 010) 





JlOj-121 



Applicable ICs 



HM10480-15, HM100480-15 



DG-22N 



HM1()490-15, HM100490 Series 



HN27128AG Series, HN27256G Series, HN27C256G Series, HN27C256AG Series, HN27C256HG Series, 
HN27512G Series 



HM10494 Series, HM100494 Series 



HN27C101G Series, HN27C301G Series 



HN27C1024HG Series 
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PACKAGE INFORMATION- 
• Zigzag-in-line Plastic 



Unit: mm (Inch) Scale 1/1 



• ZP-16 



^ 




•A o?5ni{ 



• ZP-20 





(oo2o!;~') 



• ZP-24 



• ZP-28 
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(0 02011111) 
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~| I I 2 54(0 100) I 



Applicable ICs 



HM50256ZP Series, HM50257ZP Series, HM51256ZP Series, HM51256LZP Series 



HM514256ZP Series, HM514256AZP Series, HM514256SZP Series, HM514256HZP Series, HM514258AZP Series 
HM514258SZP Series, HM511000AZP Series, HM511000SZP Series, HM511000HZP Series, HM511001AZP Series, 
HM511001SZP Series, HM.511002AZP Series, HM511002SZP Series 



HM53461ZP Series, HM53462ZP Series 



HM534251ZP Series, HM534252ZP Series, HM534253ZP Series 
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• Flat Package 



-PACKAGE INFORMATION 

Unit mm (inch) Scale 1% 



• FP-24D 
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PACKAGE INFORMATION- 



• Flat Packages (continued) 



• FG-28D 




• FG-24A 





2»3I (0 958)MA\(REr) 



Applicable ICs 



FP-24D 



HM6116FP Series, HM6116LFP Series 



HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series. HM6264AFP Series, HM6264ALFP Series 
HM6264ALFP-L Series, HN58C65FP Series, nN,l«C66FP Series, HN,'')8C236FP Series 



HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, HM6264ALFP Series 
HM6264ALFP-L Series, HM622,56FP Series, IIM62236LFP Series, 11M622,'36SLFP Series, HM652,56BFP Series, 
HM652.56BLFP Series. HN6232,'57F', HN62.32r)8F, IL\62321F, HN62.321BF, HN62.3.31F. IIN62321EF, IINb2,331EF, HN38C65FP, 
HN58C66FP, HN58C256FP, HN27C2,56FP 



HM628128FP Series, HM628128LFP Series. HM6o8128I)FP Series, HM658128LFP Series, HN62321AF, 
HN62331AF, FIN62.3()4BF HN62324BP\ HN27C101FP, HN27C301FP 



HN62412FP, HN62422FP, HN62404FP, HN62424FP, HN62408FP 



HM101500h-i5 



HM1015WF-15 



HM10049F Series 



• TSOP Packages 



• TFP-32D 



iiiiiiiuUiiiii „ 

j l 10.50(0.020)1 



(0.008+0.004) 



1^10.08(0.003)®] 



>|0.10(0. 004)1 



(0.020+0.004) 
20.0+0.2(0.787+0.008) 



H^0~5° 



• TFP-32DA 



8.0(0.315) 





17 




i 
1 



|| |0.50(0. 



50(0.020)1 



0.20: 
(0.008+0.004) 



08(0.003)®! 



: a|0.10(0. 004) 1 



(0.020+0.004) 
14.0+0.2 



(0.551+0.01 



-=40-5° 



10 



Hitachi America, Ltd 



HITACHI 

► Hitachi Plaza • 2000 Sierra Point Pkwy • Brisbane, CA 94005-1819 • (415) 589-8300 



-PACKAGE INFORMATION 



Leadless Chip Carrier 



• CG-22A 
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• Flat Package (J-bend Leads) 
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PACKAGE INFORMATION 



• Flat Packages (J-Bend Leads) (continued) 



Unit: mm (inch) Scale 1 V2 



• CP-32D 
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Applicable ICs 



HM6787CG Series, HM100490C(; Series 



HM10490CG-15 



CG-28A 



HM2144CG Series, HM10480CG-13 HM1015WCG-15 



HM100500CG-18 



HM50464CP Series, HM50256CP Series, HM.50257CP Series, HM,'51256CP Series, HM512,56LCP Series 



HM514256JP Series, HM5142,S6AJP, HM,5142,56SJP Series, HM514256HJP Series, HM514258AJP Series, HM514258SJP Series, 
HM511000AJP Series, HMSllOOOSJP Series, HM.5110()0HJP Series, HM.511001AJP Series, HM,511001SJP Series, 
HM.511002AJP Series, FIM51](){)2SJP Series 



CP-24D 



HM6288JP Series, HM6288LJP Series, HM6289JP Series, HM6289LJP Series, HM6789JP Series, HM6789HJP Series, HM6287HJP 
Series, HM6287HLJP Series, HM6787HJP Series, HM6208HJP Series, HM6208HLJP Series, HM6708JP Series, HM6207HJP Series, 
HM6207HLJP Series, IIM6707JP Series, 



HM624256JP Series, HM,5342,51JP Series, HM534252JP Series, UM,5,3425,3JP Series 



HM624257JP Series, HM624257LJP Series 



HM538121JP Series, HM538122JP Series, IIM538123JP Series 



CP-44 



HM67C932 Series 



CP-52 



HM62A168 Series, HM62A188 Series 
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I RELIABILITY OF HITACHI IC MEMORIES 



1. STRUCTURE 

iC memories are basically classified into bipolar 
type and MOS type and utilized effectively by their 
characteristics. The characteristic of bipolar memo- 
ries is high speed but small capacity, instead, MOS 
memories have large capacity. There are also dif- 
ferences in circuit design, layout pattern, degree of 
integration, and manufacturing process. These 
memories have been produced with the standardized 
concept of design and inspection all through the 



processes of designing, manufacturing and inspec- 
tion. 

IC memories are constituted by the unit patterns 
called cells, which are integrated in high density. 
The knowhows based on our experience have been 
applied in every production stage. In addition, re- 
liability has been ensured using TEG (Test Element 
Group) evaluation. Examples of cell circuits of 
bipolar and MOS memories are shown in Table 1. 



• Table 1 Basic Cell Circuit of IC Memories 



NMO§. CMOS 

memories 
(Static RAM) 



Classification 



Bipolar memory 
(RAM) 



Bipolar memory 
(PROM) 



NMOS memory 
(Dynamic RAM) 



NMOS memory 
(PROM) 



Application 



Buffer memory, 
control memory 
of high-speed 
computer 



Microcomputer 
control use 



Main memory of computer, 
microcomputer memory 



For 

microcomputer 

control 



Example of 
basic cell 
circuit 




£ 



x 




"X 



n 



Dies of IC memories are produced in various pack- 
ages. In this process of packaging, Hitachi has also 
innovated new techniques and ensured to high level. 
As packages for IC memories, cerdip (glass-sealed) 
packages and plastic packages are currently used. 
Also such packages as LCC (Leadless Chip Carrier) 
or SOP (Small Outline Package) have been devel- 
oped for high density packaging. Cerdip packages 
sealed hermetically are suitable for equipment re- 
quiring high reliability. Plastic packages are widely 
applied to many kinds of equipment. Hitachi 
plastic packages have been improved the reliability 



level as highly as that of the hermetically sealed 
packages. Table 2 shows the outlines of the Hitachi 
packages. 



• Table 2 IC Memory Package Outline 



> Cerdip 
• 16 pin 



• 18 Pin 



• 20 Pin 



• 24 Pin 





^ 
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Reliability of Hitachi IC 
■ Cerdip (continued) 


Memories 




• 28 Pin with Lid 


? 


• 32 Pin with Lid 


■ Plastic DIP 






• 16 Pin 

■100 i 


• 18 Pin 

^0 


• 20 Pin • 24 Pin ^ 


• 24 Pin 


• 28 Pin 


• 28 Pin 


■ Leadless Chip Carrier 






• 20 Pin 


• 22 Pin 


• 24 Pin 


^ 


^ 


♦ 


■ SOP 




■ PLCC ■ SOJ 


• 24 Pin 


• 28/32 Pin 


• 18 Pin • 20/26/28/32 Pin 


.# 


^^^ 


^ ^ 
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-Reliability of Hitachi IC Memories 



2. RELIABILITY 

Results of reliability tests are listed below. 

2.1 Reliability Test Data on Bipolar Memories 

The reliability test data on the bipolar memories are 
shown in Table 3 and 4. Since they are manufac- 
tured under the standardized design rules and quali- 



ty control, there is no difference in reliability 
among the various types. And the larger the capac- 
ity is, the higher the reliability per bit becomes. 



• Table 3 Results on Bipolar Memory Reliability Test (1) 





HM10480-15 


HM2144CG 


Test item 


Test 
condition 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Test 
condition 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


High- 
temperature 
(Operating) 


ra=125°C 

VEE='S2V 


340 


C.H. 
3.4x10^ 





1/h 
2.7x10-* 


7fl=125°C 

VEE^-S.IV 


120 


C.H. 
1.2x10' 





1/h 
7.7xlO-« 


High-temp 
storage 


rfl=2oo°c 


351 


3.51x10^ 





2.6x10"^ 


rfl=2oo"c 


120 


1.2x10' 





7.7x10-'' 



* Confidence level 60% 

• Table 4 Results on Bipolar Memory Reliability Test (2) 



Test item 


Test condition 


HM10480-15 


HM2144CG 


Samples 


Failure 


Samples 


Failures 


Temperature cycling 


-55°C to +150*'C, 10 cycle 


160 





180 





Soldering heat 


260°C, 10 seconds 


35 





22 





Thermal shock 


0°C to +100°C, 10 cycles 


50 





50 





Mechanical shock 


1500G, 0.5ms, Three times each for X, 
YandZ 


30 





22 





Variable frequency 


100 to 200 Hz, 20G, Three times each 
for X, Y and Z 


40 





22 





Constant-acceleration 


20000G, 1 minute, each for X, Y and Z 


40 





22 






2.2 Reliability test data on Hi-BiCMOS memory 

Hi-BiCMOS memory is newly designed based on the 
latest fine machining technologies (2m '^ Im), 
which features low electric consumption / high 
integrity by CMOS and high speed / high drivability 
by bipolar. This device also attains high speed close 
to ECL and low electric consumption as CMOS. 
Input and output level supports both ECL and TTL. 
Reliability test data of HM100490-15 (64k-words x 
1-bit) and HM6788P-25 (16k-words x 4-bits) are 



listed in table 5 and table 6. 

The above shows the sufficient reliability of high 
speed Hi-BiCMOS in the normal use with some 
limitations considered from its own circuit com- 
position. For further information, see each data 
sheet. Besides the caution points with CMOS and 
bipolar device, avoid abnormal use as in deformed 
or slow wave form which causes malfunction and 
latch up. 



Table 5 


Results on ¥ 


li-BiCMOS Memory Reliability Test (1) 
















HM100490-15 (Cerdip) 


Test item 


HM6788P-25 (Plastic) 




Test item 


Test 
condition 


Samples 


Total test 
time 


Failures 


Failure 
rate 


Test 
condition 


Samples 


Test test 
time 


Failures 


Failure 
rate 


Remarks 


High- 
tempera- 
ture 
pulse 
opera- 
tion 


Ta=125°C 
F£F=-4.5V 


380 


C.H. 
3.8x10^ 





1/h 
2.4xl0-« 


High- 
tempera- 
ture 
pulse 
opera- 
tion 


Ta=125°C 
FCC = 5.0 V 


420 


C.H. 
4.2x10* 


1*1 


1/h 
4.8xl0-« 


*1 

foreign 

matter 


Moisture 
endur- 
ance 


85°C 85%RH 

5V 


210 


2.1x10* 





4.8xl0-« 




High- 
temp, 
storage 


Ta=200°C 


330 


3.3x10* 





3.0xl0-« 


Pressure 
cooker 


121°C100%RH 


80 


0.16x10* 





6,3x10-* 
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Table 6 Results on Hi-BiCMOS Memory Reliability Test (2) 










Test item 


Test condition 


HM100490-15 (Cerdip) 


HM6788P-25 (Plastic) 


Samples 


Failure 


Samples 


Failure 


Temperature cycling 


-55°C~-150°C 100 cycles 


180 





180 





Soldering heat 


250°C 10 seconds 


22 





22 





Thermal shock 


0°C ~ 100°C 10 cycles "^ 


50 





50 





Mechanical shock 


1500G, 0.5ms Three times each 
for X, Y and Z 


22 





~ 


- 


Variable frequency 


100 ~ 200Hz, 20G Three times each 
for X, Y and Z 


22 





- 


- 


Constant acceleration 


20000G, 1 minute, each 
for X, Y and Z 


22 





- 


- 



2.3 Reliability test data on MOS memories 

2.3.1 Reliability test data on MOS DRAM and 

SRAM 
Table 7 and table 8 shows the reliability test data on 
the representative types of 1M DRAM (HM511000/ 
HM514256), 256k SRAM {HM62256) 1M SRAM 
(HM628128FP). 



The life test is performed at high temperature and 
high voltage to evaluate the reliability of products 
using fewer samples. All failures are caused in 
manufacturing process, so we feedback the data into 
manufacturing process to improve the quality and 
reliability. 



• Table 7 Reliability Data on 1M DRAM 





Test 
condition 


HM511000P/HM514256P 
Series (DIP) 


HM511000JP/HM514256JP 
Series (SOP) 




Test item 


Sam- 
ples 


Total 
test time 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Sam- 
ples 


Total 
total time 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Remarks 


High- 
temperature 
pulse operation 


125°C/5.5V 


300 


6.00x10^ 





1.53x10-*' 


200 


4.00x10^ 





2.30x10-* 




125°C/7V 


1252 


4.50x10^ 


1* 


4.48 xlO"* 


3186 


9.34x10' 





9.85x10-^ 




150°C/7V 


200 


4.00x10^ 





2.30x10-*' 


200 


4.00x10' 





2.30x10"* 


*1 
Oxide film 


Moisture 
endurance 


85°C 85% RH 

5.5V 


420 


8.40x10^ 





1.10x10-* 


682 


1.36x10* 





6.74x10-^ 


Failure xl 


Pressure 
cooker 


i2rc/ioo% 

RH 


150 


4.50x10* 





2.04x10-^ 


200 


6.00x10* 





1.53x10"' 





* Confidence level 60% 



• Table 8. Reliability Data on 256K and 1M SRAM 





Test 
condition 


HM62256FP (SOP) 


HM628128FP(SOP) 




Test item 


Sam- 
ples 


Total 
test time 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Sam- 
ples 


Total 
total time 


FaU- 
ures 


Failure 
rate* 
(1/hr) 


Remarks 


High- 
temperature 


125°C/5.5V 


3088 


3.11x10* 





8.88x10"^ 


1038 


1.04x10* 





8.86x10-^ 




125°C/7V 


455 


4.55x10' 





2.02x10"* 


951 


5.33x10" 


1*1 


3.79x10-* 


*1 
Foreign x 2 


pulse operation 


150''C/7V 


103 


1.00x10' 


1*1 


2.02x10"' 


80 


1.60x10' 





5.75x10"* 




Moisture 
endurance 


85°C/85% 
RH7V 


680 


6.80x10' 





1.35xl0-« 


127 


2.54x10' 





3.62x10"* 


*2 Leak x 1 


Pressure 
cooker 


i2rc/ioo% 

RH 


320 


6.40x10* 


1*2 


3.16x10"' 


90 


2.70x10* 





3.41x10"' 





* Confidence level 60% 



16 



0HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



- Reliability of Hitachi IC Memories 



2.3.2 Reliability Test Data on EPROM 
EPROM has two types; conventional EPROM with 
transparent window and one time programmable 
ROM (OTPROM) packaged in plastic package. Table 



9 shows reliability test data on the representative 
EPROM types 512k EPROM (HN27512, 
HN27512P), 1M EPROM (HN27C101, HN27C301). 



• Table 9. Reliability Data on 512K and 1M EPROM 





Test 
condition 


HN27512(Cerdip/Plastic) 


HN27C101/HN27C301 




Test item 


Sam- 
ples 


Total 
test time 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Sam- 
ples 


Total 
total time 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Remarks 


High- 


125°C/5.5V 


200 


3.72x10^ 





2.47x10"^ 


180 


3.24x10' 





2.84x10-* 




temperature 
operation 


125°C/7V 


530 


7.95x10' 





1.16x10-* 


327 


6.54x10' 





1.41x10"* 


*1 
Data 


High- 
temperature 


175°C 


260 


4.91x10' 





1.87x10-* 


150 


7.5x10' 





1.23x10-* 


dissipation x 49 


200°C 


240 


3.72x10' 


1*1 


5.43x10"* 


130 


6.49x10' 


1*1 


3.11x10"* 




bake 


250°C 


180 


1.89x10' 


7*1 


4.44x10"' 


110 


3.07x10' 


40*1 


1.30x40"* 




Moisture 
endurance 


85°C/85% 
RH5.5V 


290 


5.22x10' 





1.76x10-* 


- 


- 


- 


- 


Dataof512K 
OTPROM 


Pressure 
cooker 


'121°C/100% 
RH 


50 


0.10x10' 





9.20x10"' 


- 


- 


- 


- 





* Confidence level 60%. 



The failure shown in table 9 is due to the data dis- 
sipation in memory cells. Getting thermal energy, 
electrons in memory cells are activated and go 
through the floating gate. In actual usage, however, 
it has no problem because this phenomenon de- 
pendes on temperature (about I.OeV of activated 
energy) greatly. The moisture resistance of 
OTPROM is also satisfactory. 



Table 10 shows the example of PROM derating. 
When derating, the parameter is generally only the 
temperature because other operating conditions are 
specified. Especially to lower the junction tempera- 
ture during mounting is important for stabilizing the 
operation relative to access time, refresh time and 
other characteristics. 



Table 10 Example of HN27C101/HN27C301 Derating 



Factor 



Failure criteria 



Failure mechanism 



Temperature 



Electrical Characteristics, 
Function Test 



Increase of leak current 
and others 



Results: 

The result from high temperature baking of PROM 
is shown in the right figure. 





/ 








/ 








/ 






, 








/ 








./r T 


p p p jj J, 

♦ t t f ♦ 





lOVTj CK-') 



Note : Decreasing junction temperature shown in the figure will promise the higher reliability. The junction temperature 
can be calculated by a formula : T; = Tg + ^ia'Pd ^ia »" about lOCC/W with no air flow and about 60 to 
70°C/W with 2.5 m/s air flow. ^ j- u j 
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2.3.3 Reliability Data on MASK ROM 

Table 9 shows the reliability test data on 2M and 

4M bit MASK ROM. MASK ROM is patterned ac- 



cording to ROM information in manufacturing 
process, so data dissipation isn't occurred in high 
temperature like EPROM and EEPROM. 



• Table 11. Reliability Data on 2M and 4M MASK ROM 





Test 
condition 


HN6 24 12P (Plastic) 


HN62404P (Plastic) 




Test item 


Sam- 
ples 


Total 
test time 


Fail- 
ures 


Failure 
rate* 
(l/hr) 


Sam- 
ples 


Total 
test time 


Fail- 
ures 


Failure 
rate* 
(l/hr) ^ 


Remarks 


High-temp. 

pulse 

operaton 


125°C/5.5V 


- 


- 


- 


- 


200 


4.0x10' 





^3^10 




125°C/7V 


120 


1.2x10^ 





7.67x10-'^ 


300 


3.0x10' 





3.0x10"* 




Moisture 
endurance 


85°C/85% 
RH 5.5V 


120 


1.2x10^ 





7.67x10-* 


120 


1.20x10' 





7.67x10-* 




Pressure 
cooker 


121°C/ 
100% RH 


45 


2.3x10^ 





4.1x10-' 


45 


2.3x10-* 





4.1x10"' 





* Confidence level 60%. 

2.3.4 Reliability Data on MOS Memory (The result 

of environment test) 
Table 12 shows examples of each environment test 
data. They show good results without any failure 
even in severe environment. 
VxH o^ MOS transistor is one of the basic process 

• Table 12 Reliability Data on MOS Memories 



parameters in MOS memory, which has almost no 
change using surface stabilization technology and 
clean process. Figure 4 shows the examples of time 
changes for 1M DRAM; Vpo "^"'"- (Vmin) and 
access time (tpAc) "^ high temperature pulse test. 



Test item 


Test condition 


HM511000P 
(DIP) 


HM511000JP 
(SOJ) 


HM62256FP 
(SOP) 


HM628128FP 
(SOP) 


EPROM 

(Cerdip) 


Remarks 




Sam- 
ples 


Fail- 
ure 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Temperature cycling 


-55°Ctol50°C 
10 cycle 


3755 





2786 





3328 





710 





2790 







Temperature cycling 


-55°Cto 150°C 
500 cycle 


150 





200 





482 





105 





450 







Thermal shock 


-65°Ctol50°C 
15 cycle 


77 





100 





76 





77 





80 







Soldering heat 


260°C, 
10 seconds 


22 





22 





22 





22 





22 







Mechanical shock 


1,500G, 0.5ms 


- 


- 


- 


-- 


- 


- 


- 


- 


38 







Variable frequency 


100to2,000Hz 
20G 


- 


- 


- 


- 


- 


- 


- 


- 


38 







Constant-acceleration 


6000G 


- 


- 


- 


- 


- 


- 


- 


~ 


38 





*6,000G 



2.4 Change of Electrical Characteristics on IC 
Memory 

The degradation of Icbo and hpg are the main 
factors of degradation in inner cell transistor of 
bipolar memory. In actual element designing, how- 



ever, it is designed to operate in the range at which 
no degradation happen. Therefore no change of 
characteristics including access time are observed. 
Time dependence in access time for HM 10470 are 
shown in Fig. 1. 
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Figure 1 Time change in access time for bipolar memory 



Example 



Example of time change in access time for Bipolar memory 



Device name 



Test condition 



Failure criteria 



Failure mechanism 



HM10480-15 



rfl = 125X^£'£' = -5.2V 



tAA = 15ns 



Surface degration 



Results: 

Access time is stabilized. 



20 



5 



Test Condition 

Vee = -5.2V 
Ta = 25X: 
Marching Pattern 



i 



Maximum 
Average 
Minimum 



j-^ — 5 i 



500 1,000 

Time ( hr > 



2,000 



Figure 2 Time change in access time for Hi-BiCMOS memory 



Example 


Exampl 


e of time change in access 


time for Hi-Bi 


CMOS memory 


Device name 


HM100490 










Test condition 


rfl = 125°C, Fj5'£' = -4.5V 




all bit scanning 














20 


Test Condition 

- Vee = -4.5V 

Ta=£5X: 

Marching Pattern 








Failure criteria 


t^A = 15ns 


Failure mechanism 


Surface degradation 






J Max.mu. 
XMinimiim 






Results: 


Access time is stabilized. 


1 

5 


15 


A A 


A 


. .u\ 








10 
5 


- 9. 9. 


9. 


9. 






500 


1,000 '' 


2,000 








Time 


ihn 
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Figure 3 Time change in Vqq min and t/^/\ for Hi-BiCMOS memory 



Example 



Examples of time change in Vqq min and t/^ for Hi-Bi CMOS 
memory 



Device name 



Test condition 



Failure criteria 



Failure mechanism 



HM6788P-25 



Ta=125°C, ^CC=5.0V 
all bit scanning 



Fee = 4.5 V, r^^ = 25 ns 



Surface degradation 



Results: 

Both of Vqc (min) and tj^ are stabilized. 



\ \ ^ 



Test Condition .. . 
w —XLM T Maximum 

.Vcc-5V S Average 



13 = 25^ 

Marching Pattern 



Minimum 



500 1,000 

Time (hr) 



2,000 



20 



'15 



Test Condition 
Same as above 



^+^ — \ 



X- 



500 1,000 2,000 

Time (hr) 



Figure 4 Time change in Vqq min and f/?/^c ^o'' ^OS memory 



Example 



Example of time change in Vj)d min and tjy^Q for MOS memory 



Device name 



Test condition 



Failure criteria 



Failure mechanism Surface degradation 



HM511000P 



Ta=125''C, Fcc = 7V 
all bit scanning 



l^i)Z) = 4.5V, aF£)/)=1.0V 



Results: 

Access time itAA) is stabilized and is within the failure 

criteria. 



Test Condition Maximum 

/=200pcs 1 Minimum 



-* L- 



500 1,000 2,000 

Time (hr) 



Note: Test accuracy is 0.2V, 2ns. 



Test Condition 
Same as above 



:i- 



^— 1 



500 1,000 * 2,000 

Time (hr) 
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2.5 Failure Mode Rate 

Figure 5 and 6 show examples of failure mode 
happened in users' application. Since IC memories 
require the finest pattern process technology, the 
percentage of failures, such as pinholes, defects on 
photoresist and foreign materials, tends to increase. 
To eliminate the defects in the manufacturing 



process, Hitachi has improved the process and 
performed 100% burn in screening under high tem- 
perature. Hitachi has been collecting and checking 
customers' process-data and marketing data for 
higher reliability of our products. To analyze them 
is very helpful for the improvement of designing and 
manufacturing. 





Figure 5 Failure Mode Rate of Bipolar Memory 



Figure 6 Failure Mode Rate of MOS Memory 



3. Reliability of Semiconductor Devices 



3.1. Reliability Characteristics for Semiconductor (4) 
Devices 

Hitachi semiconductor devices are designed, manu- 
factured and inspected so as to achieve a high level 
of reliability. Accordingly, system reliability can be 
improved by combining highly reliable components (5) 
along proper environmental conditions. This 
section describes reliability characteristics, failure 
types and their mechanisms in terms of devices. (6) 
First, semiconductor device characteristics are 
examined in light of their reliability. 

(1) Semiconductor devices are essentially structure 
sensitive as seen in surface phenomenon. Fab- 
ricating the device requires precise control of a 
large number of process steps. 

(2) Device reliability is partly governed by elec- 
trode materials and package materials, as well as (7) 
by the coordination of these materials with the 
device materials. 

(3) Devices employ thin-film and fine-processing 
techniques for metallization and bonding. Fine 
materials and thin film surfaces sometimes 
exhibit physically different characteristics from 
the bulks. 



Semiconductor device technology advances 
drastically: Many new devices have been 
developed using new processes over a short 
period of time. Thus, conventional device re- 
liability data cannot be used in some cases. 
Semiconductor devices are characterized by 
volume production. Therefore, variations 
should be an important consideration. 
Initial and accidental failures are only con- 
sidered to be semiconductor device failures 
based on the fact that semiconductor devices 
are essentially operable semipermanently. 
However, wear failures caused by worn mate- 
rials and migration should be also reviewed 
when electrode and package materials are not 
suited for particular environmental conditions. 
Component reliability may depend on device 
mounting, conditions for use, and environment. 
Device reliability is affected by such factors as 
voltage, electric field strength, current density, 
temperature, humidity, gas, dust, mechanical 
stress, vibration, mechanical shock, and radia- 
tion magnetic field strength. 
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Initial failure region 
'. Declining failure rates (m<l) 



Wearout failure region 
: Rising failure rates (in>l 



Speicfied failure rate 




Reduced failure rate 
by maintenance 



Random failure region j m . WeibuU distribuUon 

. Constant failure rates (m=l) j form parameter 



Figure 7 Typical failure rate curve 

Device reliability Is generally represented by the 
failure rate. 'Failure' means that a device loses 
its function, including intermittent degradation 
as well as complete destruction. 
Generally, the failure rate of electric com- 
ponents and equipment is represented by the 
bathtub curve shown in Fig. 7. For semicon- 
ductor devices, the configuration parameter of 
the Weibull distribution is smaller than 1, which 
means an initial failure type. Such devices 
ensure a long lifetime unless extreme environ- 
mental stress is applied. Therefore, initial and 
accidental failures can become a problem for 
semiconductor devices. Semiconductor device 
reliability can be physically represented as well 
as statistically. Both aspects of failures have 
been thoroughly analyzed to establish a high 
level of reliability. 

3.2 Failure Types and Their Mechanisms 

3.2.1 Failure physics 

Failure physics is, in a broad sense, a basic tech- 
nology of "physics + engineering". It is used to 
examine the physical mechanism of failures in terms 
of atoms and molecules to improve device reliabili- 
ty. This physical approach was introduced to the 
reliability field with the demand for minimized de- 
velopment cost and period, as technology rapidly 
developed and system performance increased, re- 
quiring more complex and higher levels of reliabili- 
ty. These conditions derived from the development 
of solid state physics (semiconductor physics) after 
World War 11 and associated device development. 
Failure physics have been employed to: 

1) Detect failed devices as soon as possible 

2) Establish models and equation used for failure 
prediction 

3) Evaluate reliability in short periods by acceler- 
ated life test 

The purpose of the failure physics approach is to 



contribute to reliability related fields such as 
product design, prediction, test, storage and usage 
by adding physics as a basic technology to conven- 
tional experimental and statistical approaches. 

3.2.2 Failure types and their mechanism 
Device failures are physically discussed in this 
section. Semiconductor device failures are basically 
categorized as disconnection, short-circuit, de- 
terioration and miscellaneous failures. These 
failures and their causes are summarized in Table 
11. Typical failure mechanisms are reviewed next. 

(1) Surface Deterioration 

The pn junction has a charge density of 10^^ - 
10^°/cm^. If charges exceeding the above density 
are accumulated on the pn junction surface, partic- 
ularly adjacent to a depletion layer, electric 
characteristics of the junction tend to be easily 
varied. Although the surface of such devices as 
planar transistors is generally covered with a Si02 
film and is in an inactive state, the possibility of 
deterioration caused by surface channels still exists. 
Surface deterioration depends heavily on applied 
temperature and voltage and is often handled by the 
reaction model. 

One example of recent failures is surface deteriora- 
tion caused by hot carriers. Hot carriers are 
generated when such devices as MOS dynamic 
RAMs are operated at a voltage near the minimum 
breakdown voltage BVps by raising internal voltage 
and when a strong electric field is established near 
the MOS device's drain resulting from reduced de- 
vice geometry from 2 )Ltm to 0.8 fim. Generated hot 
carriers may affect surface boundary characteristics 
on a part of the gate oxide film, resulting in de- 
gradation of threshold voltage (Vjh) and counter 
conductance (gm). Hitachi devices have employed 
improved design and process techniques to prevent 
these problems. However, as process becomes finer, 
surface deterioration may possibly become a serious 
problem. 

(2) Electrode-related Failures 
Electrode-related failures have become increasingly 
important as multi-layer wiring has become more 
complicated. Noticeable failures include electro- 
migration and Al wiring corrosion in plastic sealed 
packages. 

(l) Electromigration 

This is a phenomenon in which metal atoms are 
moved by a large current of about 10^ A/cm^ 
supplied to the metal. When ionized atoms collide 
with current of about scattering electrons, an 
'electron wind' is produced. This wind moves the 
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metal atoms in the opposite direction from the 
current flow, which generates voids at a negative 
electrode, and hillock and whiskers at an opposite 
one. The generated voids increase wiring resistance 
and cause excessive currents to flow in some areas, 
leading to disconnection. The generated whiskers 
may cause shortcircuits in multi-metal line. 
(2) Multi-metal line related failures 
Major failures associated with multi-metal line 
include Increased leak currents, shortcircuits caused 
by a failed dielectric interlayer, and increased 
contact metal resistance and disconnection between 
metal wirings. 

@ AI line corrosion and disconnection 
When Plastic encapsulated devices are subjected to 
high-temperatures, high-humidity or a bias-applied 
condition, AI electrodes in devices can cause corro- 
sion or disconnection (Fig. 8). Under high-tempera- 
ture and high-humidity, corrosions are randomly 



Moiture Resistance Test 




High Temp and 
High Himidity 
and Bias 



Higher Potential 
Area 



Lower Potential 
Area 



Pit Corrosions Pit Corrosions Intergranular 

Corrosions 

Figure 8 Categorized AI corrosion mode 

generated over the element surface. However, after 
an extended period of time, the corrosions have not 
significantly increased. Accordingly, this failure is 
possibly due to an initial failure associated with 
manufacturing. It is also verified that this type of 
failure can be generated when the adhesion surface 
between an element and resin is separated or when 
foreign materials are attached to the element with 
human saliva. Under a bias-appllied, high-tempera- 
ture, high-humidity condition, on the other hand, 
corrosions are generated in higher potential areas 
while in lower potential areas, grain corrosion 
occurs. Once this failure occurs in part of a device, 
the device can become worn out in a relatively short 
time. This failure proves to depend on the hydro- 



scopic volume resistivity of sealed resin. The AI line 
corrosion mechanism described above is summarized 
in Fig. 9. 



Melting 
Corrosive Impurity 



Impurity 
in Resin 



'^Chip & Lead Y_ 



Passivation Film 




Mechanism 



Moisture 
Penetration 



x 



Melting Corrosive 
Impunty in Moisture 
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Figure 9 Plastic package cross section and AI corrosion 
mechanism 
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Figure 10 An Example of Moisture Resistance by High 
temp, and High humidity and bias 
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Figure 1 1 Relationship between temperature and 
Time to 1% failure (RH = 85%) 

(3) Bonding related failures 
Degradation caused by intermetallic formation 
Bonding strength degradation and contact resistance 
Increase are caused by compounds formed in con- 
nections between Au wire and Al film or between 
Au film and Al wire. These are the most serious 
problems in terms of reliability. The compounds 
are formed rapidly during bonding and are increased 
through thermal treatment. Consequently, Hitachi 
products are subjected to a lower-temperature, 
shorter-period bonding whenever possible. 
@ Wire creep 

Wire creep Is wire neck destruction in an Au ball 
along an intergranular system occurring when a 
plastic sealed device is subjected to a long-term 
thermal cycling test. This failure results from 
increased crystal grains due to heat application 
when forming a ball at the top of an Au wire, or 
from an impurity introducing to the intergranular 
system. Bonding under usual conditions with no 
loop configuration failures does not cause this 
failure unless a severe long-term thermal cycling test 
is applied. Accordingly, wire creep is not a problem 
in actual usage. 
@ Chip crack 

With the increase in chip size associated with the 
increased number of Incorporated functions, more 
problems have been occurring during assembly, such 
as chip cracks during bonding. Bonding methods 



include Au-silicon eutectic, soldering and Ag-paste. 
Soldering and Ag-paste exhibit few chip crack 
problems. For Au-silicon eutectic, in contrast, large 
stress is applied to a pellet due to Its strength and 
high temperature resistance for attachment, which 
may result in critical chip defects. Today, the chip 
destruction limit can be determined by finite- 
element analysis and by distortion measurement 
using a fine accuracy gauge. Ideally, Au-silicon 
eutectic should be evenly applied over the entire 
surface. However, this is difficult due to the 
existence of a silicon oxide film on the silicon back 
surface. Therefore, specifications for Au-silicon 
eutectic have been established based on stress 
analysis and thermal cycling test results. 
® Reduced maximum power dissipations 
For power devices, heat fatigue due to thermal 
expansion coefficient mismatch among different 
materials deteriorates thermal resistance. This 
results in decreased maximum power dissipations. 

(4) Sealing related failures 

Hermetic sealing packages, including metal, glass, 
ceramic, and all other types, have the possibility of 
the following failures. 

1. Al line corrosion on the chip surface due to slight 
moisture and reaction between the different 
ionized materials. 

2. Intermittent moving foreign metals short 

3. Al line corrosion due to extraneous H2O caused 
by hermetic failure 

Moving foreign matter, even if it is a non-active 
solid, can be charged up within a cavity during move- 
ment, thereby inducing parastic effects and metal 
shorts. The foreign matter detection method is 
specified by MIL-STD-883C, PIND (Particle Impact 
Noise Detection) Test. The PIND test consists of 
filtering a particle impact waveform (ultrasonic 
waveform), detecting it with a microphone, and 
then amplifying. 

(5) Disturbance 

® Electrostatic discharge destruction 
Destruction caused by electrostatic discharge is a 
problem common to semiconductor devices. A 
recent report introduced three modes of this failure; 
the human body model, charged device model and 
field induced model. 

The human body is easily charged. A person just 
walking across a carpet can be charged up to 15000 
V. This voltage is high enough to destroy a device. 
An equivalent circuit of the human body model Is 
shown in Fig. 10. The human body's capacitance 
Cb and resistance Rb are 100 to 200 pF and 1000 
to 2000^, respectively. Assuming a body is charged 
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with 2000V, the dissipated energy is obtained as 
follows: With a time constant of 10'^ sec, the dis- 
sipated energy is 2 KW, which is enough to destroy 
a small area of a chip. 



-AAA^ ^AA/ — I 

Rd Re 



W 



a- 
Rb- 
Rd- 



- Human Body Capacity 

-Human Body Resistance 

-Device Resistance 

-Resistance Between Device and Ground 

1 



^■CbV^ =0.2x 10"M 
Figure 12 Equivalent circuit of human body model 

In the charged device model, charges are accumulat- 
ed in a device, not a human body, and discharged 
through contact resistance during a short time. The 
equivalent circuit of this model is shown in Fig. 13. 
Device size and device position relative to GND are 
important parameters in this model since the model 
depends on device capacity. 

In the field induced model a device is left under a 
strong electric field or is affected by neighboring 
high voltage material. Since the capacitor of device 
or lead of device acts like an antenna, the following 
cases will possibly cause destruction. 1) a device is 
incorporated into a high electric field such as a 
CRT, 2) a device is left under a high-frequency 
electric field and 3) a device is moved with a con- 
tainer charged at high voltage, such as a tube. 



"^ 




~L 



X 



Figure 13 Equivalent circuit of charging model 

(2) Latch up 

Latch up is a problem unique to CMOS devices. 
This problem is a thyristor phenomenon caused by 
a parasitic PNP or NPN transistor formed in the 
CMOS configuration. Latch up occurs when an 
accidental surge voltage exceeding a maximum 
rating, a power supply ripple, an unregulated power 
supply and noise is applied, or when a device is 
operated from two sources having different set-up 
voltages. These cases can cause input or output 
current to flow in the opposite direction from usual 
flow, which triggers parasitic thyristors. This results 
in excessive current flowing between a power supply 



and ground. This phenomenon continues until the 
power is off or the flowing current is forced to be 
reduced to a certain level. Once latch up occurs in an 
operating device, the device will be destroyed. 
Much effort should be made in designing circuits to 
prevent latch up. Latch up triggering input or 
output currents start to flow under the following 
conditions. 

Vin <Vcc or Vin < GND for input level 
Vout > Vcc or Vout < GND for input level 
Therefore, circuits should be designed so that no 
forward current flows through the input protection 
diodes or output parasitic diodes. 
(3) Soft errors 

When a particles are generated from uranium or 
thorium in a package the silicon surface of an LSI 
chip, electron-hole pairs are formed which act as 
noise to data lines and other floating nodes, causing 
temporary soft errors. This phenomenon is shown 
in Fig. 14. Only electrons from among the electron- 
hole pairs are only collected to a memory cell. As a 
result, the cell changes from a state of 1 to 0, which 
is a soft error. 

Hitachi devices have been subjected to simulation 
and irradiation tests to prevent soft errors. In some 
cases, organic material, PIQ, is applied to the surface 
of the device. 




Figure 14 Soft error caused by a. particles in dynamic 
memory 
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Table 13. Failure causes and mechanism 



Failure related causes 


Failure mechanisms 


Failure modes 


Passivation 


Surface oxide film, 


Pin hole, Crack, Uneven 


Withstanding voltage 




Insulating film between 


thickness. Contamination, 


reduced, Short, Leak 




wires 


Surface inversion, 


current increased, 






Hot carrier injected 


hFE degraded, Threshold 
voltage variation, Noise 


Metallization 


Interconnection, 


Flaw, Void, Mechanical 


Open, Short, 




Contact, Through hole 


damage. 

Break due to uneven 
surface, Non-ohmic 
contact. Insufficient 
adhesion strength. 
Improper thickness, 
Electromigration, 
Corrosion 


Resistance increased 


Connection 


Wire bonding. 


Bonding runout, 


Open, Short 




Ball bonding 


Compounds between metals, 
Bonding position mismatch, 
Bonding damaged 


Resistance increased 


Wire lead 


Internal connection 


Disconnection, 
Sagging, Short 


Open, Short 


Diffusion, Junction 


Junction diffusion, 


Crystal defect, 


Withstanding voltage 




Isolation 


Crystallized impurity, 
Photo resist mismatching 


reduced, Short 


Die bonding 


Connection between die 


Peeling chip. Crack 


Open, Short, Unstable 




and package 




operation, Thermal 
resistance increased 


Package sealing 


Packaging, Hermetic 


Integrity, 


Short, Leak current 




Seal, Lead plating, 


moisture ingress, 


Increased, Open, Corrosion 




Hermetic pakage & 


Impurity gas, High 


disconnection. Soldering 




plastic package, Filler gas 


temperature, Surface 
contamination, Lead 
rust, Lead bend, break 


failure 


Foreign matter 


Foreign matter in package 


Dirt, Conducting foreign 


Short, Leak current 






matter, Organic carbide 


increased 


Input/output pin 




Electrostatistics, 
Excessive Voltage, Surge 


Electron destroyed 


Short, Open, Fusing 


Disturbance 


a particle 


Electron hole generated 


Soft error 




High electric field 


Surface inversion 


Leak current increased 
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(6) Fine geometry related problems 

In response to higher integration requirements for 

memories and microcomputers, LSI geometry has 

been reduced in the way of 3 /zm -^ 2 /im -^ 1 .3 jum 

->0.8iLim. 



However power supply has not been scaled down 
used for 5V, only line dimensions have been fined 
increasingly. Problems associated with finer geo- 
metry are shown in Table 14. 



Table 14. Finer geometry related problems 



Item 


Problems 


Countermeasure 


5V single supply voltage 


• Breakdown voltage of gate oxide films 

• SiOj defects 


Oxide film formation process improved 

• Cleaning 

• Gettering 

• Screening 


Horizontal dimension 
reduction 


• Soft errors by a particles 

• Ai reliability reduced 

• CMOS latch up 

• Mask alignment margin reduced 

• Hot carriers 


Surface passivation film improved 

• Metallization improved 

• Design/layout improved 

• Process improved 


Vertical & horizontal 
dimension reduction 


• Higher breakdown voltage not permitted 

• Electrostatic discharge resistance reduced 


Use of low voltage examined 

• Configuration improved 

• Protection circuits enhanced 
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1. VIEWS ON QUALITY AND 
RELIABILITY 

Hitachi basic views on quality are to meet individual 
users' purpose and their required quality level and 
also to maintain the satisfied level for general ap- 
plication. Hitachi has made efforts to assure the 
standardized reliability of our IC memories in actual 
usage. To meet users' requests and to cover expand- 
ing application, Hitachi performs the followings; 

(1 ) Establish the reliability in design at the stage of 
new product development. 

(2) Establish the quality at all steps in manufactur- 
ing process. 

(3) Intensify the inspection and the assurance of re- 
liability of products. 

(4) Improve the product quality based on market- 
ing data. 

Furthermore, to get higher quality and reliability, 
we cooperate with our research laboratories. 
With the views and methods mentioned above, 
Hitachi makes the best efforts to meet the users' re- 
quirements. 

2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliabiiity Target 

Establishment of reliability target is important in 
manufacturing and marketing as well as function 
and price. It is not practical to determine the re- 
liability target based on the failure rate under single 
common test condition. So, the reliability target is 
determined based on many factors such as each 
characteristics of equipment, reliability target of 
system, derating applied in design, operating condi- 
tion and maintenance. 

2.2 Reliability Design 

Timely study and execution are essential to achieve 
the reliability based on reliability targets. The main 
items are the design standardization, device design 
including process and structural design, design 
review and reliability test. 
(1) Design Standardization 

Design standardization needs establishing design 
rules and standardizing parts, material, and 
process. When design rules are established on 
circuit, cell, and layout design, critical items 
about quality and reliability should be ex- 
amined. Therefore, in using standardized 



process or material, even newly developed prod- 
ucts would have high reliability, with the excep- 
tion of special requirement on function. 

(2) Device Design 

It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially in 
case of applying new process or new material, 
we study the technology prior to development 
of the device in detail. 

(3) Reliability Test by Test Site 

Test site is sometimes called Test Pattern. It is 
useful method for evaluating reliability of 
designing and processing ICs with complicated 
functions. 

1. Purposes of Test Site are as follows; 

• Making clear about fundamental failure mode; 

• Analysis of relation between failure mode and 
manufacturing process condition. 

• Analysis of failure mechanism. 

• Establishment of QC point in manufacturing. 

2. Effects of evaluation by Test Site are as follows; 

• Common fundamental failure mode and 
failure mechanism in devices can be evaluated. 

• Factors dominating failure mode can be 
picked up, and compared with the process 
having been experienced in field. 

• Able to analyze relation between failure 
causes and manufacturing factors. 

• Easy to run tests. 

2.3 Design Review 

Design review is a method to confirm systematically 

whether or not design satisfies the performance 

required including by users, follows the specified 

ways, and whether or not the technical items 

accumulated in test data and application data are 

effectively applied. 

In addition, from the standpoint of competition 

with other products, the major purpose of design 

review is to insure quality and reliability of the 

product. In Hitachi, design review is performed 

in designing new products and also in changing 

products. 

The followings are the items to consider at design 

review. 

(1 ) Describe the products based on specified design 
documents. 

(2) Considering the documents from the standpoint 
of each participant, plan and execute the sub- 
program such as calculation, experiments and 
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investigation if unclear matter Is found. 

(3) Determine the contents and methods of reliabil- 
ity test based on design document and drawing. 

(4) Check process ability of manufacturing line to 
achieve design goal. 

(5) Arrange the preparation for production. 

(6) Plan and execute the sub-programs of design 
changes proposed by Individual specialists, for 
tests, experiments and calculation to confirm the 
design change. 

(7) Refer to the past failure experiences with 
similar devices, confirm the prevention against 
them, and plan and execute the test program 
for confirmation of them. 

In Hitachi, these study and decision at design review 
are made using the Individual check lists according 
to Its objects. 



3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

3.1 Activity of Quality Assurance 

The following Items are the general views of overall 
quality assurance in Hitachi; 

(1) Problems is solved in each process so that even 
the potential failure factors will be removed at 
final stage of production. 

(2) Feedback of information Is made to Insure 
satisfied level of process ability. 

As the result, we assure the reliability. 
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3.2 Qualification 

To assure the quality and reliability, the qualifica- 
tion tests are done at each stage of trial production 
and mass production based on the reliability design 
described in section 2. 

The followings are the views on qualification in 
Hitachi: 

(1) From the standpoint of customers, qualify the 
products objectively by a third party. 

(2) Consider the failure experiences and data from 



customers. 

(3) Qualify every change in design and work. 

(4) Qualify intensively on parts and materials and 
process. 

(5) Considering the process ability and factor of 
manufacturing fluctuation, establish the control 
points in mass production. 

Considering the views mentioned above, qualifica- 
tion shown in Fig. 1 is done. 
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Figure 2 Flow Chart of Quality Control in Manufacturing Process 



30 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



-Quality Assurance of IC Memory 



3.3 Quality and Reliability Control in Mass Produc- 
tion 

To assure quality in mass production, quality is 
controlled functionally by each department, mainly 
by manufacturing department and quality assurance 
department. The total function flow is shown in 
Fig. 2. 

3.3.1 Quality Control on Parts and Materials 

With the tendency toward higher performance and 
higher reliability of devices, quality control of parts 
and materials becomes more important. The items 
such as crystal, lead frame, fine wire for wire bond- 
ing, package and materials required in manufactur- 
ing process like mask pattern and chemicals, are all 
subject to inspection and control. 
Besides qualification of parts and materials stated in 
3.2, quality control of parts and materials is defined 
in incoming inspection. Incoming inspection is per- 
formed based on its purchase specification, drawing 
and mainly sampling test based on MIL-STD-105D. 
The other activities for quality assurance are as 
follows. 



• Tabid. 



Quality Control Check Points of Parts 
and Material (example) 



Material. 


Important 




Parts 


Control Items 


Point for Check 




Appearance 


Damage and Contamina- 
tion on Surface 


Wafer 


Dimension 


Flatness 


Sheet Resistance 


Resistance 




Defect Density 


Defect Numbers 




Crystal Axis 






Appearance 


Defect Numbers, Scratch 


Mask 


Dimension 


Dimension Level 


Resistoration 






Gradation 


Uniformity of (iradation 


Fine 
Wire for 


Appearance 


Contamination. Scratch, 




Bend, Twist 


Wire 
Bonding 


Dimension 
Purity 


Purity Level 


Elongation Ratio 


Mechanical Strength 




Appearance 


Contamination, Scratch 




Dimension 


Dimension Level 




Processing 




Frame 


Accuracy 






Plating 


Bondability, Solderability 




Mounting 


Heat Resistance 




Characteristics 






Appearance 


Contamination. Scratch 




Dimension 


Dimension Level 




Leak Resistance 


Airtightness 




Plating 


Bondability, Solderability 


Ceramic- 


Mounting 


Heat Resistance 


Package 


Characteristics 
Electrical 
Characteristics 






Mechanical 


Mechanical Strength 




Strength 






Composition 


Characteristics of 
Plastic Material 




Electrical 






Characteristics 




Plastic 


Thermal 
Characteristics 






Molding 


Molding Performance 




Performance 






Mounting 


Mounting Characteristics 




Characteristics 





(1 ) Technology Meeting with Vendors 

(2) Approval and Guidance of Vendors 

(3) Analysis and tests of physical chemistry. 

The typical check points of parts and materials are 
shown in Table 1. 

3.3.2 Inner Process Quality Control 

To control inner process quality is very significant 
for quality assurance of devices. The quality 
control of products in every stage of production is 
explained below. Fig. 3 shows inner process quality 
control. 

(1) Quality Control of Products in Every Stage of 
Production 

Potential failure factors of devices should be re- 
moved in manufacturing process. Therefore, check 
points are set up in each process so as not to move 
the products with failure factors to the next 
process. Especially, for high reliability devices, 
manufacturing lines are rigidly selected in order to 
control the quality in process. Additionally we per- 
form rigid check per process or per lot, 100% 
inspection in proper processes so as to remove 
failure factors caused by manufacturing fluctuation, 
and screenings depending on high temperature aging 
or temperature cycling. Contents of controlling 
quality under processing are as follows: 

• Control of conditions of equipment and workers 
and sampling test of uncompleted produsts. 

• Proposal and execution of working improvement. 

• Education of workers 

• Maintenance and improvement of yield 

• Picking up of quality problems and execution of 
countermeasures toward them. 

• Communication of quality information. 

(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 

Manufacturing facilities have been developed with 
the need of higher devices in performance and the 
automated production. It is also important to de- 
termine quality and reliability. 
In Hitachi, automated manufacturing is promoted 
to avoid manufacturing fluctuation, and the opera- 
tion of high performance equipment is controlled to 
function properly. 

As for maintenance inspection for quality control, 
daily and periodically inspections are performed 
based on specification on every check point. 
As for adjustment and maintenance of measuring 
equipment, the past data and specifications are 
clearly checked to keep and improve quality. 
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(3) Quality Control of Manufacturing Circumst- 
ances and Sub-material. 

Quality and reliability of devices are affected 
especially by manufacturing process. There- 
fore, we thoroughly control the manufacturing 
circumstances such as temperature, humidity, 
dust, and the sub-materials like gas or pure 
water used In manufacturing process. 



Dust control is essential to realize higher in- 
tegration and higher reliability of devices. To 
maintain and improve the clearness of manufac- 
turing site, we take care buildings, facilities, air- 
conditioning system, materials, clothes and 
works. Moreover, we periodically check on 
floating dust in the air, fallen dust or dirtiness 
on floor. 
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3.3.3 Final Tests and Reliability Assurance 

(1) Final Tests 

Lot inspection is done by quality assurance 
departnnent for the product passed in 100% test 
in final manufacturing process. Though 100% 
of passed products is expected, sannpling inspec- 
tion is subjected to prevent mixture of failed 
products by mistake. 



(2) 



The inspection is executed not only to confirm 
that the products meet users' requirement, but 
to consider potential factors. Our lot inspec- 
tion is based on MIL-STD-105D. 
Reliability Assurance Tests 
To assure reliability, the reliability tests are per- 
formed periodically, and performed on each 
manufacturing lot if user requires. 
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Figure 4 Process Flow Chart of Coping with Failure to a Customer 
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1. INSPECTION METHOD 



2. MARCHING PATTERN 



Compared to conventional core memories, IC 
memories contain all peripheral circuits, such as the 
decoder circuit, write circuit and read circuit. As a 
result, assembly and electrical inspection of ICs are 
all performed by I C manufacturers. Consequently, 
as the electrical inspection of IC memories are 
becoming more systematic, conventional IC inspec- 
tion facilities are becoming useless. This has led to 
the development and introduction of a memory 
tester with pattern generator to generate the inspec- 
tion pattern of the memory IC at high speed. A 
function test for such as TIL gates can be per- 
formed even by a simple DC parameter facility. 
However, when the address input becomes multi- 
plexed as in 16K, 64K and 256K memory, even the 
generation of the function test pattern becomes a 
serious problem. 

In the memory IC inspection, its quality cannot be 
judged by DC test on external pins only, because the 
number of the element such as transistor which can 
be judged in the DC test is only 1/1000 of all ele- 
ments. The followings are the address patterns pro- 
posed to inspect whether the internal circuits are 
functioning correctly. 

(1) All "Low", All "High" 

(2) Checker Flag 

(3) Stripe Pattern 

(4) Marching Pattern 

(5) Galloping 

(6) Waling 

(7) Ping-Pong 

Those are not all, but only representative ones. 
There are the pattern to check the mutual inter- 
ference of bits and the pattern for the maximum 
power dissipation. Among the above mentioned 
patterns, those of (1) to (4) are called N pattern, 
which can check one sequence of N bit IC memory 
with the several times of N patterns at most. Those 
of (5) to (7) are called N^ pattern, which need 
several times of N^ patterns to check one sequence 
of N bit IC memory. Serious problem arises in using 
N^ pattern in a large-capacity memory. For ex- 
ample, inspection of 16K memory with galloping 
pattern takes a lot of time - about 30 minutes. (1 ), 
(2) and (3) are rather simple and good methods, 
however, they are not perfect to find any failure in 
decoder circuits. Marching is the most simple and 
necessary pattern to check the function of IC 
memories. 



The marching pattern, as its name indicates, is a pat- 
tern in which "Vs march into all bits of "0"s. For 
example, a simple addressing of 16 bit memory \s 
described below. 

(1) Clear all bits See Fig. 1 (a) 

(2) Read "0" from 0th address and check that the 
read data is "0". Hereafter, "Read" means 
"checking and judging data" 

(3) Write "1" on 0th address See Fig. 1(b) 

(4) Read "0" from 1st address. 

(5) Write "1" on 1st address. 

(6) Read "0" from nth address. 

(7) Write "1" on nth address See Fig. 1(c) 

(8) Repeat (6) to (7) to the last address. Finally, 
all data will be "1". 

(9) After all data become "1", repeat from (2) to 
(8) replacing "0" and "1". 

In this method, 5N address patterns are necessary 
for the N-bit memory. 
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110 




Figure 1 Addressing method of for 16 bit memory in the 
Marching pattern 
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I APPLICATION 



1. Static RAM 

1.1. Static RAM Memory Cell 

The static RAM memory cell consists of flip-flops 
organized as 4 NMOS transistors and 2 load resistors 
as shown in figure 1-1. The data in the cell can be 
retained as long as power is supplied, and read out 
without being destroyed. 




Figure 1 -1 . Static RAM Memory Cell 

1.2. Data Retention Mode and Battery Back-up 
System 

The data in RAM is destroyed at power off. How- 
ever, CMOS static RAM has a data retention mode. 
In this mode, power consumption at standby is ex- 
tremely low and supply voltage can be reduced to 
2 V. So, it enables a battery back-up system to 
retain data during power failure. 
Data Retention Mode: The important point in 
designing a battery back-up system is the timing 
relation between the memory power supply during 
the change (ordinal source -^ battery) and the chip 
select signal. If the timing for the change is missed, 
the data in memory might be destroyed. 
Figure 1-2. shows the timing for switching the 
power supply. The following explains the technical 
terms related to the data retention mode. 
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Figure 1-2. Timing for Battery Back-up Application 

Data retention mode: The period that the power 
supply voltage is lower than the specified operation 
voltage. During this period, memory must be kept in 
non-select condition (e.g. CS = V/qr - 0.2V). 



tcDR (time for chip select to data retention): The 
minimum time needed to change from operating 
mode to data retention mode. Normally ns. 
tR (Operation recovery time): The minimum time 
needed to change from data retention mode to 
operating mode. Normally, it is the same as the 
cycle time of the memory. 

Voff (data retention voltage): The voltage applied in 
data retention mode. Normally, the minimum 
supply voltage needed to retain memory data is 2 V. 
IcCDR (data retention current): The current con- 
sumption in data retention mode. It depends on 
memory power supply voltage and ambient tem- 
perature. It is specified at supply voltage {Vdr) - 
3.0 V. 

Battery Back-up System: battery back-up sequence 
is described In the following: 

1. External circuit detects failure of system power 
supply. 

2. External circuit changes RAM to standby mode. 

3. External circuit separates RAM from system 
power supply. 

4. External circuit switches to Back-up power 
supply. 
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Figure 1-3. Example of Battery Back-up System 

The control circuit detects the power failure and 
cuts off the power after switching memories to 
standby mode. On recovery, it confirms power 
supply and after some delay, returns memories to 
operating mode. The memory control signals 
depend on the types of memories used in the 
system. 

* Using memory with only one CS. NAND signal 
between the control signal and chip select signal 
should be connected to CS. As the level of CS in 
data retention mode must be higher than Vqr - 
0.2V, the power supply for this NAND gate must 
either be shared with the memory power supply, 
or be pulled up to the memory power supply. 

* Using memory with two CS. Basically, the 
signals are the same as mentioned above. In 
general use, two pins should be used for the 
control signal and the chip select signal respec- 
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tively. CS, which can intercept current path of 
other pins in the input buffers, is for control 
signal input of data retention mode. 
Using mennory with CS and CS. As CS selects 
the chips at high level, it is better to use CS than 
CS as control signal input for data retention 
mode. As soon as power down is detected, 
signals should be brought to low level. So a pull- 



up to the memory power supply level is not 
needed and circuit organization is simplified. 
Figure 1-4 shows an example of a battery back-up 
system circuit. Hitachi recommends using CMOS 
logic for gate Gi in control circuit and memory 
^CC' The low VcE transistor Qi is required to 
switch regulating circuit from system power supply 
to back-up power supply. 



Regulating circuit 

V¥\\ % Memory Vcc I 

CMOS RAM 1 1 




"1 



-4r 2~3V 



L"^ i 

Back-up 
circuits 



Figure 1-4. Example of Battery Back-up System Circuit 
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2. Pseudo-Static RAM 

2.1 Pseudo-Static RAIVI Features 

A new type of memory, pseudo-static RAM has 
been developed providing the advantages of 
dynamic RAM (low cost, high density), and static 
RAM (easy usage). IC memory consists of memory 
cells for data storage, and input/output circuits for 
interfacing to the external circuits. PSRAM pro- 
vides the memory cell and peripheral circuits of 
DRAM and the external control circuits, which 
includes a part of the refresh control circuits not 
provided by dynamic RAM, and interface circuits 
similar to that of static RAM, on a chip, as shown in 
table 2-1. Address input is not multiplexed and 
data input/output is byte-wide like standard static 
RAM. With PSRAM x 8 organization, medium 
density memory system can be designed easily. 
PSRAM provides address refresh, automatic refresh 
and self refresh. 

Figure 2-1 shows examples of system design using 
PSRAM and DRAM. Using PSRAM, the circuits 

Table 2-1. PSRAM Features 
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Figure 2-2. Block Diagram (PSRAM) 



interfacing CPU to DRAM can be drastically 

reduced. 

Figure 2-2 shows block diagram of pseudo static 

RAM. 

2.2. 1 Mbit Pseudo-Static RAM Function 
Read/Write Cycle: Figure 2-3 and figure 2-4 show 
the timing chart for the read/write cycle of 1 Mbit 
pseudo-static RAM HM658128. The HM658128 



can perform 2 types of access in a read cycle, CE 
access (Figure 2-3 (a)) and OE access figure 2-3 (b)). 
It writes the data at the rising edge of WE (figure 
2-4 (a)) or at the rising edge of CE (figure 2-4 (b)). 
The ^ pin should be brought high when the ad- 
dress is latched at the falling edge of UE in the read/ 
write cycle. The HM658128 has no D¥ specifica- 
tion at the falling edge of CE as it provides both UE 
pin and RFSH pin. 
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(a) CE access (b) OE access 

Figure 2-3. Read Cycle 
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CS Standby Mode: The HM658128 enters CS 
standby mode for one_ cycle if CS turns to low 
at the falling edge of CE (figure 2-5). 
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(a) Write at the rising edge of WE (b) Write at the rising edge of CE 

Figure 2-4. Write Cycle 
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Figure 2-5. CS Standby Mode 



Address Refresh: Address refresh mode performs 
refresh by access to row address (AO - A8) 0-511 
sequentially within 8 ms, as shown in figure 2-6 (in 



distributed mode). In this mode, CS should be high 
at falling edge of CE. 
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Figure 2-6. Address Refresh 

Automatic Refresh: The HM658128 goes to auto- address pins AO — A8, as it is generated internally, 

matic refresh mode if RFSH falls while CE is high Figure 2-7 shows the timing chart for distributed 

and it is kept low for more than 180 ns. refresh. In automatic refresh mode, the timing for 

It is not required to input the refresh address from only CE and RFSH are specified. 
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Figure 2-7. Automatic Refresh 



Self Refresh: Self refresh mode performs refresh at enabled by keeping CE high and RFSH low for 
the internally determined interval. The HM658128 more than 8/xs (figure 2-8). 
enters the mode when the Internal refresh timer is 
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JT 



Refresh 



Second self refresh current increases at low supply 
voltage. 



^8/is 

Figure 2-8. Self Refresh 

Considerations on Using HM658128: The following 
should be considered when using the HM658128. 

• Data retention. The HM658128 can retain the 
data with a battery (but not for long time). The 
HM658128L, low power version, offers typical 
self-refresh or standby current of lOOjuA. 

A 1-Mbyte system (using eight HM658128Ls) 
can retain the data for about 1.5 months with 
battery of 100 mAh current. Vqc = 5 V ± 10% 
must be maintained for data retention. 

• Power on. Start HM658128 operation by 
executing more than eight initial cycles (dummy 
cycles) more than 100 /us after power voltage 
reaches 4.5 V - 5.5 V after power on. 

• Bypass capacitor. Hitachi recommends inserting 
1 bypass capacitor per RAM. 

2.3 Pseudo-Static RAM Data Retention 

PSRAM with self refresh retains data CE and OE 
are fixed for more than defined period. The follow- 
ing explains considerations for PSRAM data reten- 
tion. 

First, PSRAM cannot retain the data at low supply 
voltage. 

They employ 1 MOS type memory cell as shown in 
figure 2-9. The charge is stored on the capacitor C 
as memory data. The data 1, written at low supply 




Figure 2-9. Memory Cell of PSRAM 

voltage, cannot be read as 1 at high supply voltage. 
Figure 2-10 indicates the operation voltage for self 
refresh and subsequent read of PSRAM. If the data 
is read out at more than 5 V of Vqc, ^or example, 
after self refresh is performed at Vqc ~ 3.7 V, it is 
destroyed. 

PSRAM must be used at supply voltage from 4.5V 
to 5.5V. 




Self Refresh Voltage 

Figure 2-10. PSRAM Operating Voltage 

PSRAM provides the voltage level detector circuit 
to reduce self refresh current. However, it should 
be noted that the circuit increases the current with 
low supply voltage in self refresh (figure 2-11). Self 
refresh current also increases at low temperature 
(figure 2-12). 




Power Supply Voltage 

Figure 2-1 1 . Self Refresh Current vs. Voltage 
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Figure 2-12. Self-Refresh Current vs Temperature 



Please use PSRAM within the recommended opera- 
tion range {Vqc more than 4.5 V, temperature more 
than 0°C) for data retention, especially using a 
battery. 
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3. Video RAM 

3.1. Multiport Video RAM 

Figure 3-1 shows general idea of video RAM. Multi- 
port video RAM provides an Internal data register 
(SAM) with the memory (RAM). Both of them 
can be accessed asynchronously. Effective graphic 



display memory is realized by using the random 
port of the RAM part for graphic processor drawing 
and the serial port of the SAM part for CRT display. 




.^j ^ Serial port 



Display 



Figure 3-1. General Idea of Multi-port Video RAM 



Figure 3-2 shows the block diagram of the 256- 
kbit multiport video RAM HM53461, and table 3-1 



shows the operation modes of the HM53461. 
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Figure 3-2. Block Diagram of HM53461 

The operation modes shown in table 3-1 are described as follows. 



Table 3-1 . Operation Modes of HM53461 



At the falling edge of RAS 


RAM modes 


SAM modes 
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Notes 
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Notes: 1. 
2. 
3. 
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H: High 

L: Low 

X: Don't Care 

Transfer cycle executed previously defi ne s SI/O direction. 

SI/O is in high impedance state with SOE high, even if the direction is Sout. 

The H MS346 1 starts write operatio n if W E is low at the falling edge of CAS or become low between the falling 

edge of CAS and the rising edge of RAS. 
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Read/Write Operation: Read/write is performed 
on the random port in the same sequence as for a 
dynamic RAM (figure 3-3). The HM53461 starts 
the read operation with WE high and the write 
operation at the falling edge of WE. 
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Figure 3-3. Read/Write Operation 



Read Transfer Operation: In this cycle, the 
HM53461 transfers the data of one row in RAM 
(1024 bits), which address is specified at the falling 
edge of RAS, to SAM (figure 3-5). The start address 
in SAM can be programmed at the falling edge of 
CAS in this cycle. After data transfer, the serial 
port turns to serial read mode at the rising edge of 
DT/OE. 



itf^ 



Column 
latch 



Row 
latch 



L 



ii 



X 



SAM start address 



i 



Figure 3-6. Read Transfer Operation 



Temporary Write Masic Set and Temporary Masked 
Write Operation: The HM53461 provides tem- 
porary masked write operation which inhibits to 
write data bit-by-bit (write mask) during one RAS 
cycle. Temporary write mask set function defines 
the bits to be inhibited (figure 3-4). This operation 
puts the data on 1/01 - 1/04 into the internal tem- 
porary write mask register. When is programmed 
to the register, writing to the corresponding bit is 
inhibited. 

The temporary write mask register is reset at the 
rising edge of RAS. 
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Figure 3-4. Temporary Masked Write Operation 



Write Transfer Operation: In this cycle, the 
HM53461 transfers the data in the SAM data re- 
gister (1024 bits) to one row in RAM, which address 
is specified at the falling edge of RAS (figure 3-6). 
The start address in SAM can be programmed in this 
cycle. After data transfer, serial port turns to serial 
write mode. 
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F igu re 3-6 . Write Transfer Operation 

Pseudo Transfer Operation: This operation switches 
the serial port to serial write mode (figure 3-7). It 
does not perform data transfer between RAM and 
SAM. SAM start address can be programmed in this 
cycle. 
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SAM start address 



I ^SI/Ol-SI/04 



Serial Read/Write Operation: The HM53461 reads/ 
writes the contents of the SAM data register in serial 
at the rising edge of SC (serial clock input) (figure 
3-9). The address for serial access is generated by 
the internal address pointer, independently of 
random port operation. It should be considered 
that serial access is restricted in transfer cycles. The 
SAM, employing static-type data registers, requires 
no refresh . 
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F igu re 3-7. Pseudo Transfer O peration 

CAS-Before-RAS Refresh Operation: The HM53461 
performs refresh by using the internal address 
counter in this operation (figure 3-8). 
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Figure 3-9. Serial Read/Write Operation 

The HM53462 is a multiport video RAM, adding 

logic operation capability to the advantages of 

HM53461. 

Figure 3-10 shows the block diagram. Table 3-2 

describes the operation modes. 



Figure 3-8. CAS-Before-RAS Refresh 
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Figure 3-10. Block Diagram of HM53462 
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Table 3-2. Operation Modes of HM53462 



At the falling edge of RAS 


RAM modes 


SAM modes 


CAS 


DT/OE 


WE 


SOE 


SI/0 direction 


Notes 
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Read/write 


Sin/Sout 
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Notes: 1. 
2. 
3. 



H: High 



Low 



X: Don t Care 



Transfer cycle previously execu ted d efines SI/O direction. 

SI/O is in high impedance with SOE high, even if SI/Q d irection is Sout. 

HM5 3462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the 
rising edge of RAS. 



Logic Operation Programming: This function 
programs a logic operation (figure 3-11). The logic 
operation is available until re-programmed or reset. 
In logic operation mode, HM53462 performs read- 
modify-write internally when data is written into 
random port. The result of the logic operation 
between memory data and written data is put into 
the address from which the memory data is trans- 
ferred. 

In the logic operation programming cycle, the mask 
register, which differs from the temporary mask re- 
gister, is also programmed. It is available until re- 
programmed. 
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(dotted lines indicate write m logic operation mode) 

Figure 3-1 1 . Logic Operation Programming 



Notes: Notes on using HM53461/HM53462 are as 
follows. 

• Dummy RAS cycle. Devices should be initialized 
by 8 dummy RAS cycles (minimum) before 
access to random port. Refresh cycle can be in- 
serted for initialization. It is recommended that 
the system be initialized by dummy RAS cycle in 
the automatic reset time of the processor. 

• Bypass capacitor. One bypass capacitor should 
be inserted between Vcc and Vss to each device. 
The Vcc pin should be connected to the capaci- 
tor by the shortest path. A capacitor of several 
/iF is suitable. 

• Negative voltage input. Negative polarity input 
level to input pin or I/O pin should be under -1 
V. In this range, it has no effect on device 
characteristics or RAM/SAM data retention. 

• Initialization of logic operation mode 
(HM53462). The logic operation programming 
cycle should be executed before access to the 
random port to initialize logic operation mode 
after power on. At this time, the operation 
codes (0101) and all 1 write mask data are re- 
commended. 

3.2. Line IVIemory 

Hitachi has produced a line memory for line buffers 

with simple circuits, providing specific functions as 

described below. 

The line buffer can improve picture quality by 

storing 1 horizontal line data. It has following 

features. 

• Capacity to store 1 horizontal line data 

• High-speed operation matching the sampling 
speed of PAL TV signal (4 fsc/8 fsc) or NTSC TV 
signal (4 fsc/8 fsc). 
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• Separate data inputs/outputs and capability of 

serial data inputs and outputs. 
The conventional line buffer composed of high 
speed static RAMs requires separate input/output 
for double buffer organization. It also requires 
interleaving for high speed operation, matching 
4 fsc/8 fsc, where fsc is the subcarrier frequency. In 
addition, external circuits are needed for serial 
address scan. 

The line memory provides all of these functions. 
Figure 3-12 shows the standard organization of a 
conventional memory buffer and figure 3-13 
shows the block diagram of line memory. 



Interleaving. 
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Figure 3-12. Standard Organization of Conventional 
Line Buffer 
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The Hitachi HM63021 is a 2048-word x 8-bit line 
memory storing 2 horizontal lines of data. 
It has five different modes for various video graphic 
system applications. It realizes high speed opera- 
tions for PAL and NTSC TV signals, and dissipates 
little power employing 1.3 /xm CMOS technology 
and static-type memory cells. 
The features of the HM63021 are described as 
follows: 

• Five modes for various video graphic system 
applications 

— Delay line mode 

— Alternate 1H/2H delay mode 

— TBC (Time-Base Corrector) mode 

— Double speed conversion mode 

— Time-base compression/expansion mode 

• High speed cycle time 

— HM63021-34: 34 ns min (corresponds to 8 fsc 
of NTSC TV signal) 

— HM63021-28: 28 ns min (corresponds to 8 fsc 
of PAL TV signal). 

Line memory in the system using digital signal 
processing technologies offers following applica- 
tions: 

1. comb filter 

2. double-speed conversion (non-interlace) 

3. compression/expansion of graphics (picture- 
in-picture) 

4. dropout canceller 

5. time-base corrector 

6. noise reducer 



Figure 3-13. Block Diagram of Line Memory 
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4. Dynamic RAIVI 

4.1. Dynamic RAIVI Memory Cell 

The dynamic RAM memory cell consists of 1 MOS 
transistor and 1 capacitor, as shown in figure 4-1. It 
detects the data in the cell (1 or 0) by the charge 
stored in capacitor. Dynamic RAM offers higher 
density than that of static RAM because of fewer 
components per chip. 

However, Dynamic RAM must rewrite data, called 
refresh, in a defined cycle because the charge stored 
in the capacitor leaks. 



Data 
Line 



Figure 4-1 . Memory Cell of Dynemic RAM 

4.2. Power On Procedure 

After turning on power, to set the internal memory 
circuitry, hold for more than 100 jus, then apply 
eight or more dummy cycles before operation. The 
dummy cycle may be either a normal read/write 
cycle or a refresh cycle. When using an intern al re- 
fresh counter, eight or more CAS before RAS 
refresh cycles are required as dummy cycles. 



4.3 Address Multiplexing 

Dynamic RAMs are used to increase capacity be- 
cause of their smaller cell area. In using dynamic 
RAMs in systems, however, it is desirable to increase 
the memory density by using smaller packages. To 
reduce the number of pins and the package size, 
address multiplexing is used. 

Using a 1 -Mbit dynamic RAM, 20-address signals are 
necessary to select one of 1,048,576 memory cells. 
Address multiplexing allows address signals to be 
applied to each address pin. Thus only 10-address 
input pins are required to select one of 1048,576 
addresses. Multiplexed address inputs are latched 
as follows: RAS (Row Address Strobe) selects one 
of word lines according to the row address signal, 
and one of column decoders is selected by CAS 
(column address strobe) following column address 
signal. Although two extra signals, RAS and CAS, 
are required, the number of address pins is reduced 
to half. Figure 4-2 shows the pin arrangement, 
address latch waveform, and the block diagram of 
address-multiplexed 1-Mbit dynamic RAM. Systems 
need an address multiplexer in order to latch the 
multiplexed address signals into the device. 
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(a) Pin Arrangement 
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(c) Block diagram of Address Multiplexmg 

Figure 4-2 Addreai Multiplexing of Dynamic RAMs 
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4.4. Dynamic RAIVI Function 

Figure 4-3 shows the normal function of Dynamic 
RAM. 
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(b) Write Cycle 
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(c) Read-Modify-Write Cycle 

Figure 4-3 Normal Function of Dynamic RAM 



Read Cycle: In the read cycle, a row address is 
latched at the falling edge of RAS, and a column 
address is latched at the falling edge of CAS after 
the TOS" falling edge. If WE" Is high, the data is 
read out from Dout with the access time of tcAC 
(Access time from CAS) or tpiAC (Access time 

from RA^). 

The tffCD nriaximum (RAS to CAS delay time) is 
specified only to guarantee the specified minimum 
values of other timings such as the cycle time, 
R AS/CAS pulse width. Therefore, when using these 



timings with more than the specified minimum 

value, there is no need to limit the tffCD to the 

specified maximum value. 

Write Cycle: Dynamic RAM provides two write 

cycle modes: early write cycle and delayed write 

cycle. In the early write cycle, when WE is low, 

data is written into Din at the falling edge of CAS. 

In delayed write cycle, when WE is high, data is 

written into Din at the falling edge of WE after CAS 

falling. 

Read-Modify-Write Cycle: The read-modify-write 
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cycle is initiated by taking WE high. Data is read 
out from Dout at the falling edge of CAS with WE 
high. Then, when WE goes low, data is written into 
the same address from Din in the same cycle. 
The cycle time in the read-modify -write mode 
itRWC^ is longer than the cycle time in read/write 
mode (f/jc). 

4.5 High Speed Access IVlGde 

Dynamic RAM access time is typically longer than 
that of static RAMs. To realize higher speed opera- 
tion, they have high speed access modes. 
The read operation in dynamic RAM is performed 
as follows: 



When a word line is selected by row address, all data 

in the memory cells connected to the selected word 

line is transferred to sense amplifiers. One of these 

sense amplifiers is selected by the column address, 

and its contents are output. 

The output of data from other sense amplifiers is 

controlled only by the column address. 

Access controlled only by column address with the 

row address fixed is called high speed access mode. 

Table 4-1 compares each mode. 

Page Mode: This is the most typical access mode in 

dynamic RAM. The column address is switched 

synchronized with CAS falling. 

Nibble Mode: in a nibble mode dynamic RAM, 



Table 4-1. Comparison of Dynamic RAiy/l High Spaed Access Modes 



Normal 
Mode 




R : Row Address 
C ' Column Address 



Page 
Mode 




Nibble 
Mode 




Static Column 
Mode 




High-Speed 
Page Mode 
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data from 4 sequential addresses is stored in the 
4-bit output latch circuits. Output is provided by 
the CAS signal, which controls the latch circuits. 
When 4 addresses are accessed sequentially, the row 
addresses on and after second bit need not be 
selected. Therefore, it facilitates the timing design. 
In nibble mode, the operation is limited to 4 ad- 
dresses, however, it enables faster access (f/v>4c) 
than that in page mode. 

Static Column Mode: In static column mode, the 
column address is switched without the synchro- 
nized signal by high-speed static RAM technology 
in the peripheral circuits. 

High Speed Page Mode: This mode is the advanced 
mode of static column mode, with CAS providing 
the address latch function. 



4.6 Refresh 

Refresh operation is performed by accessing every 
word line within the specified time (refresh cycle). 
Table 4-2 compares the following refresh modes in 
dynamic RAM. 

RAS Only Refresh: In RAS only refresh mode, 
refresh can be completed by selecting only row 
addresses synchronized with RAS. 
CAS Before RAS Refresh: This mode refreshes by 
the CAS falling edge before RAS in the period de- 
fined by the internal refresh address generator. This 
mode simplifies the external address multiplexer. 
Hidden Refresh: In hidden refresh, CAS before 
RAS refresh is performed while output data is valid. 



Table 4-2. Comparison of Dynamic RAM Refresh Modes 
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5. EEPROM 

5.1. EEPROM Memory Cell 

EEPROM is electrically erasable and programmable 

ROM, which can be erased or written remotely 

while the system is in operation. 

The Hitachi EEPROM memory cell is MNOS (Metal 

Nitride Oxide Semiconductor) type, as shown in 

figure 5-1. 

An MNOS memory cell consists of two layers of 

oxide film and nitride film. The thickness of oxide 

film is about 20 A and that of nitride film is 300 to 

500 A. There are traps in the boundary of the 

oxide and nitride films to catch electrons. Electrons 

move by the tunneling phenomenon between the 

substrate and traps. 



V 



^Poly- 
silicon 



Figure 5-1 . MNOS Type Memory Transistor 

5.2. 64-kbit CMOS EEPROM Function 

Page Write Function: The 64-kbit HN58C65 can 

latch 32 bytes (max) and write them in one write 

cycle. Writer cycle time is specified as 10 ms (max.). 

The effective byte write speed of HN58C65 in page 

write mode is: 

10 ms/32 bytes = 0.31 ms/byte 

Thus it takes only 2.56 seconds to write the whole 

HN58C65. Figure 5.2 shows internal operation. 

The following describes operation sequence: 

1. 32-byte memory cell data at the row address 
selected by address pins A5 - A12 is latched. 

2. Latched data at the column address specified by 
address pins AO — A4 is altered with write data, 
which is put into Din buffer from I/O pins 1/00 
- 1/07. 

The 32 bytes (max) of latched data are altered 
by repeating this operation 32 times. 

3. 32-bytes memory cell data in the selected row 
(1) are erased (All 1). 

4. Latched data is written Into the selected row (3). 

5. CPU acknowledges the completion of write cycle 
by the internal timer. The HN58C65 provides 

polling to indicate the 



RDY/BUSY and Data 
write completion. 



MNOS memory cell 
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Figure 5-2. 



A0~A4 

HN58C65 Page Write 



internal Timer: The HN58C65 indicates the 
completion of data write to the CPU by using the 
internal timer. The HN58C65 enters next cycle as 
soon as detecting the completion of write. This 
function offers high system throughput as the CPU 
can access other devices during write cycle. The 
HN58C65 has two functions, RDY/Busy and Data 
polling, to indicate the completion of data write. 
The RDY/Busy approach indicates the completion 
of data write by using pin 1. It is low when the 
HN58C65 is in data write operation (Busy) and 
turns to high impedance state at the end of data 
write (RDY). RDY/Busy pin should be pulled up as 
it uses open drain output. The RDY/Busy pins can 
be wired-OR when using several HN58C65s. 
The Data polling approach, implemented by soft- 
ware, indicates the completion of data write 
through pin 19 (1/07). While the data write is not 
completed, 1/07 shows the inverted data of what 
was written in the last cycle. In using this approach, 
RDY/Busy pin should be opened or grounded. 
The Data polling approach can acknowledge the 
completion of data write in an individual HN58C65, 
even if several HN58C65s are used in the system. 
Data Protection: EEPROM performs data write 
with a higher voltage (Vpp) than power supply 
voltage (Vqc)- The HN58C65 internally generates 
Vpp by a high voltage generator with the combina- 
tion of control pins (CE, OE, WE). It supports the 
following functions to avoid accidental data write 
(data protection). 

1 . Data protection against the noise on the control 
pins (CE, OE, WE) during operation. 

2. Data protection against the noise at power-on/ 
power-off. 
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6. EPROIVI/OTPROM 

6.1. EPROI\A Programming 

Figure 6-1 shows the sectional structure of an 
EPROM memory cell. The upper gate, one of the 
gates made of two-layered polycrystalline silicon, is 
called the control gate and is connected to a word 
line. The lower layer is called the floating gate and 
is not connected. This memory cell is programmed 
as follows: With substrate and source grounded, 
apply high voltage between drain and control gate. 
Then, an electric potential incline occurs between 
source and drain so that intensity of the electric 
field becomes high near the drain. Because of this 
electric field, electrons are accelerated and so-called 
hot electrons are generated, which jump over the 
energy barrier of Si02 film. Hot electrons are 
pulled by the electric potential of the control gate 
and pour into the floating gate. Electrons stored in 
the floating gate remain stable, as they fall into a 
well surrounded by an energy barrier of Si02 film. 
Therefore, it is evident that the quality of SiOj film 
surrounding the floating gate is essential for good 
data retention characteristics. To keep data reten- 
tion in the 5- or 10-year range, high quality SiOa 
film is needed. 

Figure 6-2. shows the fundamental characteristics of 
the EPROM transistor. While Iq in a non-pro- 
grammed transistor begins to flow with Vq of about 
IV, the current in a programmed transistor does not 
flow until Vq rises to 7 V - 10 V. Therefore, if the 
voltage of word line applied to the control gate is 
about 5 V In readout, the non-programmed memory 
transistor will be on, and the programmed one will 
be off. This means that the data can be read out by 
means of the same structure as NOR-type mask 
ROM. 

6.2. Erasing EPROIVI 

When shipped, all bits of the EPROM are at logic 1 
with all electrons in the floating gate released 
(erase). Changing the logic 1 to logic through the 
application of the specified waveform and voltage, 
programs the necessary information. The higher the 
Vpp voltage and the longer the program pulse width 
tpw, the more electrons can be programmed in, as 
shown in Figure 6-3. If Vpp exceeds the rated 
value, such as by overshoot, the p-n junction of the 
memory may yield to permanent breakdown. To 
avoid this, check Vpp overshoot of the PROM 
programmer. Also, check negative-voltage-induced 
noise at other terminals, which can create a parasitic 
transistor effect and reduce the yield voltage. 



Hitachi's EPROMs can usually be written and erased 
more than 100 times. 
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Figure 6-1. Cross Section of EPROM Memory Cell 
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Figure 6-2. Fundamental Characteristic of EPROM 
Memoiy Ceil 
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Figure 6-3. 
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EPROMs are erased by ultraviolet light exposure 
through a transparent window on the package. 
Electrons in the floating gate get energy from 
photons and become hot electrons again with 
enough energy to go over the energy barrier of Si02 
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film. The hot electrons go through to the coritrol 
gate or the substrate and erasure is completed. 
Therefore, light with enough energy to get the 
electrons over the energy barrier of Si02 film is 
needed for erasure. Light energy is proportional to 
its frequency, and described as E = hi'. E means the 
energy of light, h is Planck's constant, v is light 
frequency. Erasure isn't caused by light over certain 
wavelengths, and under certain wavelengths, erasure 
does occur. However, erasure time depends upon 
the quantity of photons, therefore erasure time 
cannot be shortened by shorter wavelength. Figure 
6-4 shows the relation between wavelength and 
erasure effectiveness. Erasure starts at about 4000 
A, and is saturated at about 3000 A. 




be removed with a solvent such as alcohol that does 
not damage the package. 

Figure 6-5 shows EPROM standard erasure charac- 
teristics. 

6.3. EPROM Data Retention Characteristic 

About 2 to 20 X 10'^^ coulomb of electrons are 
accumulated in the floating gate when programmed. 
However, these electrons dissipate with time. Then 
the data may be inverted. The mechanism of 
electron dissipation is generally explained as fol- 
lows. 

Data Dissipation by Heat: The electrons at the 
floating gate are in a non-equilibrium state, so the 
dissipation of electrons by thermal energy is un- 
avoidable. Therefore, the data retention time 
depends on temperature. Figure 6-6 shows typical 
data retention characteristics. The data retention 
time is proportional to the reciprocal of absolute 
temperature. 
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Figure 6-4. Erasure Efficiency of EPROM 
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For erasure, the wavelength and minimum irradia- 
tion rate of ultraviolet light must be 2,537Aand 15 
W*s/cm^ respectively. These conditions can be met 
by placing the device 2 — 3 cm below a 12,000 
W/cm^ UV lamp for about 20 minutes. 
The UV transmittance of the transparent lid 
materials is about 70%. However, it is influenced by 
contamination or foreign materials on the lid 
surface. Contamination or foreign materials should 
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Figure 6-6. EPROM's Data Rentention Characteristic 

Data Dissipation by Ultraviolet Light: Ultraviolet 
rays at a wavelength of not greater than 3,000 - 
4000A is capable of releasing the electric charge at 
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Figure 6-5. Standard Erasure Characteristics 



Figure 6-7. EPROM's Data Retention Time 
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floating gate of the EPROM with varying efficien- 
cies. Fluorescent light and sunlight contain some 
ultraviolet light, and so prolonged exposure to these 
lights can cause data corruption as a result of 
electric charge dissipation. Figure 6-7 shows the 
standard, data retention time under an ultraviolet 
eraser, sunlight and fluorescent lighting. 

6.4 Optimized High-Speed Programming 

With the increase of EPROM density, the time for 
programming becomes more important. The 
method for high speed programming has been de- 
veloped and put into practical use according to 
each EPROM generation. 

Following explains three methods for High-Speed 
programming. 

(1) First generation ... conventional programming. 
This method is employed in the 3 jum and 5 fjim 
process products. Programming is performed with 
a uniform pulse of 50 ms per byte. Although it is 
the advantage that it applies enough pulse to all 
bits, it takes much time to program high density 
devices. 

(2) Second generation ... High performance 
programming 

This method is employed in 2 jum process product. 
"High Performance programming (figure 6-8) is 



performed with a base pulse of 1 ms width. It 
repeats programming and reading (verifying) until 
the data is programmed enough. There are two 
good points in this programming. 
First, the programming itself is performed with 
optimum program time depending on the capabili- 
ty of each memory cell. 

Second, after verification, the data is programmed 
using three times as long a pulse and assures high- 
reliability data retention. 

(3) Third generation ... Fast High Reliability Pro- 
gramming 
This method is employed in the 1 .3 jum process 
products. "Fast High-Reliability Programming" 
(figure 6-9) Is performed with a base pulse of 0.2 
ms. It also shortenes a supplement pulse width to 
one-third of that of "High Performance Pro- 
gramming". As a result, this method realizes short 
programming time, reduced to one-tenth 
theoretically. 

1M bit EPROM series employ "Page Pro- 
gramming", which programs 32-bit at once (figure 
6-10), reducing programming time to a quarter of 
"Fast High-Reliability Programming" for 128k x 8 
organization and a half for 64k x 16 organization. 
Figure 6-1 1 shows the programming time of above 
methods. 
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Figure 6-8. High-Speed Programming 

(High Performance Programming) 



Figure 6-9. 0.2ms High-Speed Programming 

(Fast High-Reliability Programming) 
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Figure 6-1 1 . Shortened Program Time by High- 
Speed Programming. 
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6.5 Device Indentifier Code 

EPROM programming conditions depend on 
EPROM manufacturers and device types, confusion 
may cause miss operation. As a countermeasure 
some EPROMs provide device identifier code in- 
cluding such information as manufacture and device 
type. Some newly developed commercial EPROM 
programmers can set write conditions automatically 
by recognizing this code. 

Different programming conditions are as follows: 
(1) program voltage, (2) program timing, (3) high- 
performance programming algorithm, (4) pin con- 
figuration. The Hitachi EPROM has a device 
Identifier code area besides the memory access area, 
as shown in figure 6-12. 




Device identifier code area 



Data access area 



'in Mill, 

Dm cy j I/O control circuit | c^ Dout 

Figure 6-12. Device Identifier Code 



Table 6-1 describes how to use the device identifier 
code. Setting A9 at 12 V and A1 - A8, A10 - A13 
at V|L access the device identifier code area and 
l/OO - 1/07 output the programming condition 
code with V,l or V|h of AO. 
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Tablet 6-1. Hitachi EPROM Device Identifier Code 





Ao 


I/08-I/015 


1/07 


1/06 


1/05 


1/04 


1/03 


1/02 


I/Ol 


I/OO 


Hex Data 


Manufacturer 
Code 


Hitachi 


ViL 


- 

















1 


1 


1 


07 


ROM 

code 


HN27128A 

HN27256 

HN27C256 

HN27C256H 

HN27C256A 

HN27512 

HN27C1024H 


VlH 


- 





1 




1 
1 














1 
1 
1 



1 





1 







1 


1 






1 




1 







1 


1 




1 
1 





OD 
10 
BO 
31 
31 
94 
BA 



A9: 12V 

Al -A8, A10-A13: Vji 

Al4, A15: Don't care 



6.6 Shielding Label 

When using an EPROM in an environment where it 
can be exposed to ultraviolet light, Hitachi recom- 
mends putting a shielding label on its transparent lid 
to absorb ultraviolet light. In choosing a shielding 
label, the following points should be carefully 
checked. 

* Adhesiveness (mechanical strength). Avoid 
repeated attaching or exposure to dust that may 
reduce the adhesive strength. Ultraviolet erasing 
and reprogramming are recommended after 
stripping off an attached label. (When the need 
arises to change a label, it is advisable to put a 
new one on over the old one since peeling may 
create a static charge.) 

* Allowable temperature range. Use the shielding 
label in an environment whose temperature falls 
within the specified allowable temperature range. 
Beyond the specified temperature range, the 
paste on the label may harden or stick too fast.- 
When it hardens, the label may come off easily. 
When it sticks too fast, the paste may remain on 
the window glass after the label has been re- 
moved. 

* Moisture resistance. Use the shielding label in an 
environment whose humidity falls within the 
specified allowable humidity range. 

6.7 EPROM Programmer 

The EPROM programmer stores the user's program 
in its internal RAM and writes the program in the 
EPROM. For this programming, 3 functions at least 
are necessary: blank check function prior to pro- 
gramming, programming function, and the verify 
function after programming. Figure 6-13 shows the 
programming flow chart. Some programmers check 
for pin contact failure or the reverse insertion 
before the blank check. 
The outline of each block is as follows. 
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1. Pin contact check 
In the ROM pin and socket connection test, 
checking is normally performed by detecting the 
forward current at each EPROM pin. Care is 
necessary as this forward biased resistance differs 
in products of each company. 

2. Reverse insertion check 
This check detects the reverse insertion of the 
device, places the equipment in reset mode and 
protects the device and equipment. 

3. Blank check 
This check is performed before programming. It 
checks whether the device is an erased EPROM, 
or it preventing EPROM reprogramming. Since 
the output data in the erased condition are 1 
(high level), check whether or not data in 
EPROM are all 1. It will fail-stop even when one 
bit is (low level). Normally, it is designed to 
provide warning with a lamp or buzzer. 

4. Programming 
The function of programming the data in the 
internal RAM of the programmer into EPROM 
will fail-stop when programming cannot be done. 
The normal flow is as shown in figure 6-14. The 
EPROM data will be read out prior to pro- 
gramming and compared with programming data. 
If they coincide, programming will be skipped 
and if they differ, programming will be per- 
formed. Then, the data will be read out again 
and compared with the programming data, and if 
they coincide, the programmer will progress to 
the next address. 

5. Verify 
This function checks after programming com- 
pletion whether or not the programming is 
correct when comparing with the data in the 
internal RAM of the programmer. It performs 
fail-stop when they do not coincide. Normally, 
when it fails, it lights the fail lamp and displays 

HITACHI 
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,/ Check Pin ^. 
X Contact / 




(start ^ 



I Address Set [ 




Figure 6-13. Programming 
Flow Chart of EPROM 
Programmer (1) 



Figure 6-14. Programming 
Flow Chart of EPROM 
Programmer (2) 



glass window. Such malfunctions can be eliminated 
by neutralizing the charges by irradiating with ultra- 
violet rays for a short time. The EPROM should be 
reprogrammed after this irradiation since it reduces 
the electric charges in the floating gate, too. The 
basic countermeasure is to prevent the charging of 
the window, which can be achieved by the following 
methods as in the prevention of common static 
breakdown of ICs. 

1. Ground operators who handle the EPROM. 
Avoid using things such as gloves that may 
generate static electricity. 

2. Refrain from rubbing the glass window with 
plastic or other materials that may generate static 
electricity. 

3. Avoid the use of coolant sprays which contain 
some ions. 

4. Use shielding labels (especially those containing 
conductive substances) that can evenly dis- 
tribute established charge. 



the address and data. 
6. How to input the program 

Table 6-2 shows several methods for Inputting 
the program data to the Internal RAM of the 
programmer. Normally, paper tape input and 
teletypewriter input are prefered options. 

Table 6-2. EPROM Data Input 



Method 


Content 


Copy input 


Input by copying the master ROM. 


Manual input 


Input by the keyswitch on the front 
panel. Used for correction or 
revision of program 


Paper tape input 


Read the paper tape furnished 
from the host system with the 
tape reader 


Teletypewriter 
input 


Input with the teletypewriter. 
Preparation, correction, and list 
preparation of the program can be 
made. 



6.8 Handling EPROMs 

Touched with a charged human body or rubbed 
with plastics or dry cloth, the glass window of an 
EPROM generates static electricity which causes de- 
vice malfunctions. Typical malfunctions are faulty 
blanking and write margin setting that give the false 
impression that information has been correctly 
written in. As already reported at the international 
conferences concerning the reliability of LSI chips, 
this is due to the prolonged retention of electric 
charge (resulting from the static electricity) on the 



6.9 Ensuring OTPROM Reliability 

One time electrically programmable ROM 
(OTPROM) has two kinds of packages: standard 
dual in-line package (DIP) and small outline package 
(SOP). It is one time only programmable because it 
has no window for ultraviolet light exposure; testing 
by programming and erasure cannot be performed 
after it is assembled. 

So, Hitachi performs screening test for program- 
ming, access time, and data retention on wafers at 
proving test. 

However, rare defects may occur in the assembly 
process cannot be completely removed in final test 
screening which is only a reading test. 
Therefore, Hitachi recommends that users perform 
high temperature baking after programming devices 
to ensure high reliability. 

Detailed conditions and procedures for screening are 
shown in figure 6-15. First, program and verify 
devices. Then, leave them without bias at 125 to 
150°Cfor24to48hours. 

After that, check read-out function and remove the 
chips with data retention failures. 
From the results of devices in which the recom- 
mended screening test is properly performed, we 
confirm that the data retention characteristics of 
OTPROMs are equal to general EPROMs. 
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„ . , V Programming, 

Provmg(l) Readmg-out 



Wafer 
Bakmg 



Provmg(2) 



Data 
Retention 



Wafer Screening 



Program and 

Verify 

by Programmer 



Baking at 
125 to 150*C 
for 24 to 48hrs 



Ensuring 
Read-out 



^Mountmg) 

Recommended 
Screening Conditions 

Figure 6-15. Screening Flow Chart of OTPROM 
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7. MASK ROM PROGRAMMING INSTRUCTION 

The writing of the custom program code into mask 
ROMs is performed by the CAD system on a large- 
sized computer. ROM code data should conform to 
specifications given below, using either paper tape, 
EPROM, or magnetic tape. Additional instructions, 
such as chip select and customers' part number, 
should be given in the "ROM Specification Identifi- 
cation Sheet" 

7.1 Specification of EPROM 

1. Submit the three sets of the EPROM-stored data. 
Specify the address of the EPROM in the case of 
two or four EPROMs. 

2. The ROM code data is input from the start 
address to Final Address in the EPROM. 

3. Type of EPROM 

HN482764 {8-kword x 8-bit, 2764 Compatible) 

HN4827128 {16-kword x 8-bit, 27128 Com- 
patible) 

HN27256 (32-kword x 8-bit, 27256 Com- 
patible) 

HN27C256 (32-kword x 8-bit, 27C256 Com- 
patible) 

7.2 Specification of Magnetic Tape 

1. Use the following type of magnetic tape which 
can be used by a magnetic tape device com- 
patible with the IBM magnetic tape device. 



_ _ — Application 

Length 2,400 feet, 1,200 feet or 600 feet 

Width 1/2 inch 

Channel 9 channels 

Bit density .... 800 BPI or 1,600 BPI (Clearly 
state which it is in the "ROM 
Specification Indetification 
Sheet".) 

2. Use EBCDIC as the use code. 

3. Follow the format of the magnetic tape as de- 
scribed below 

No leading tape mark 
No label 

Record size 80 byte/1 record 

Block size 10 records/1 block 

The end of the file should be indicated by 2 
successive tape marks (TM) (figure 7-1). 

4. HMCS6800 load module data mode. This mode 
is the object mode output from the assembler 
HMCS6800. 

Divide the 8-bit code into the upper and lower 

4-bit codes, and convert each into hexadecimal 

notation. 

Example: The code 1100 0110 is as follows 

under binary notation. 
(Upper 4-bits) (Low 4-bits) Bit weight 
D7 D6 D5 D4 D3 D2 D1 DO (ROM output 
110 110 equivalence) 

The actual load module mode is shown in figure 
7-2. 



B 


T 


Block 1 


Block 2 


Block 3 




T 
M 


T 
M 




E 

T 



Figure 7-1. Magnetic Tape Format 



Header 
record 



Record Surt 
Record Type 



Byte Count 


Address Sue 


D.i. 


D«t« 


Data 


Check Sum 



IB (Check Sum ) 



5 3 


s 


3 1 


I 


3 1 
3 6 


I 6 


3 1 
3 1 
3 
3 


1100 


3 9 
3 8 


9 8 


3 
3 2 


2 






4 I 
3 8 


A8(Che 



5 3 


S 


3 9 


9 


3 
3 3 


3 


3 
3 
3 
3 


0000 


4 « 
4 3 


FC ' C»>eck 
Sum) 



Figure 7-2. HMCS68000 Load Module Data Format 
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SO indicates the head of the file and S9 indicates the 
end of the file. The actual data starts following SI. 
This means that the data starts from the address 
(hexadecimal) indicated in the address size. The 
address of the address size of the data recorder is 



compared with the next data recorder address by 
counting in increments of 1 byte of the data and 
checking whether it is sequential or not. The 
printed example of the HMCS6800 load module 
mode is as shown in figure 7-3. 



Header Record -SOOB000058204558414D504CB5 

Data Record -S113F0007EF5587EF7897EFAA77EF9C07EF9C47E24 

Data Record -»S1 12F010FA657EFA8B7EFAA0 7EF9DC7EFA247E06 

End of 

File Record -»S9030000FC 



Figure 7-3. HMCS6800 Load Module Example 



If an address is skipped, enter the skipped address 
into the "ROM Specification Identification Sheet" 
and the data (00 or FF) entered into the skipped 
address. 

5. BNPF mode 

One word is symbolized by the word start mark 
B, the bit content represented by 8 characters of 
P and N, and the BNPF slice composed of succes- 
sive 10 characters of the work end mark F. 
The contents from F of one BNPF slice up to B 
of the next BNPF slice are ignored. 
(Example) The code of AA (hexadecimal) is 

symbolized as shown in figure 7-4. 
It is necessary to designate the bit pattern (BNPF 
slice) on all ROM addresses. Therefore, the term 
of the ROM head address of "ROM Specification 
Identification Sheet" always becomes 0. 

B Indicates start of 1 word. 

N Indicates 1 bit data. 

P Indicates 1 bit of 1 data. 

F Indicates end of 1 word. 



7.3 Specification of Floppy Disk 

1. Use the following type of floppy disk (figure 
7-5): 
Type. ... 8 Inch Single Sided and Single Density 

Number of Sectors 26 

Number of Tracks 77 

Sector 26 

/ Sector 01 

Sector 02 

Sector 21 




One Record 



Track 00 
(Index -Track) 



Figure 7-5. Floppy Disk Format 



2. Use EBCDIC as the use code. 

3. Format the floppy disk as described below. 
Composition is described in table 7-1. 

Record size 80 byte/1 record 

Table 7-1 . Floppy Disk Composition 



Figure 7-4. BNPF Mode Example 



No. 


Item 


Location 


Track 


Sector 


1 


Standard Volume Label 


00 


07 


2 


Standard Head Label 


00 


08-26 


3 


Data Area 


01 - 73 


01 -26 


4 


Alternal Track 


75,76 


01 -26 


5 


Spare Track 


00 

74 


01 -06 
01 -26 
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■ ~~~ ^—— ____ Application 

Use the sectors as in figure 7-6. Use one sector used for one record. 

for one record, that is, 80 bytes out of 128 bytes 4. Data Mode. See data mode for magnetic tape. 



Sector 1 


Sector 2 


Sector 3 






Sector 24 Sector 25 Sector 26 


1 


(128 bytes) 


(128 bytes) 


(128 bytes) 




(12«b>teb) ' (128 bytes) ! (128 bytes 


Record 1 
(80 bytes) 


1 


Record 2 
(80 bytes) 




Record 3 
(80 bytes) 


V 


W 


^ 


Record 24 
(80 bytes) 


Z 

d 


Record 25 
(80 bytes) 


1 


Record 26 
(80 bytes) 





Figure 7-6. Floppy Disk Sector Formet 



unused 




Figure 7-7. Matk AOM Development Flowchart 
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8. INSTRUCTIONS FOR USING MEMORY 
DEVICES 

8.1 Prevention of Electrostatic Discharge 

As semiconductor memory designs are based on a 
very fine pattern, they can be subject to malfunc- 
tion or defects caused by static electricity. Though 
the built-in protection circuits assure unaffected re- 
liability in normal use, devices should be handled 
according to the following instructions: 

1. In transporting and storing memory devices, put 
them in conductive magazine or put all pins of 
each device into a conductive mat so that they 
are kept at the same potential. Manufacturers 
should give enough consideration to packing 
when shipping their products. 

2. When devices touch a human body in mounting 
or inspection, the handler must be grounded. Do 
not forget to insert a resistor (IMfi approx is 
desirable) in series to protect the handles from 
electrical shock. 

3. Keep the relative ambient humidity at about 50% 
in process. 

4. For working clothes, cotton is preferrable to 
synthetic fabrics. 

5. Use a soldering iron operating at low voltage (12 
V or 24 V, if possible) with its tip grounded. 

6. In transporting the board with memory devices 
mounted on it, cover it with conductive sheets. 

7. Use conductive sheets of high resistance (about 
10^ ohm/a) to protect devices from electrostatic 
discharge. For, if dropped onto conductive 
materials like a metal sheet, devices may de- 
teriorate or even breakdown owing to sudden 
discharge of the charge stored on the surface. 

8. Never set the system to which memory devices 
are applied near anything that generates high 
voltage (e.g. CRT Anode electrode, etc.). 

8.2 Using CMOS Memories 

As shown in figure 8-1, the input of a CMOS 
memory is connected to the gate of an inverter con- 
sisting of PMOS and NMOS transistors. Figure 8-2 
shows the relationship between the input voltage 
and current in this inverter. The top and bottom 
transistors turn ON and make current flown when 
the input voltage becomes intermediate level. There- 
fore, it is necessary to keep the Input voltage below 
0.2 V or above Vqc - 0.2 V In order to minimize 
power consumption. The data sheet specifies the 
stand-by current for both the cases of Input level 
with minimum V|h and maximum V|l and that 
with 0.2 V or Vcc - 0.2 V, and the difference in 
value is remarkably great. Some memory devices 



are designed to cut off such current flow in standby 
mode by the control of input signals, but it depends 
on device type. This should be confirmed in data 
sheets for each device type. 












Vcc = S.OV 




















\ 












^ 


\, 












s 


V 







F igure 8-1 . CMOS I nverter 



5 

i ' 
I ^ 

I ' 

o 

^ 12 3 4 5 6 
Input Voltage 

Figure 8-2. Relationship between Input Voltage & Current 
In CMOS Inverter 



Another problem particular to CMOS devices is 
latch-up. Figure 8-3 shows the cross section of a 
CMOS inverter and the structure of a parasitic 
bipolar transistor. The equivalent circuit of the 
parasitic thyristor is shown In figure 8-4. When 
positive DC current or pulse noise is applied (figure 
8-4 (a)), TR3 is turned on owing to the bias voltage 
generated between base and emitter. And trigger 
current flows into GND through Rp, the base re- 
sistance of TR2. As a result, TR2 becomes conduc- 
tive and current flows from power supply (Vcc) 
through the base resistance of TR1 (Rn), which 
puts TRl into conduction, too. Then, as the base 
of TR2 is rebiased by collector current from TRl, 
the closed loop consisting of TRl and TR2 reacts. 
Thus current flows constantly between power 
supply (Vcc) si^cl GND even without trigger current 
caused by outside noise. 

Latch-up can be caused by a negative pulse, too 
(figure 8-4 (bb)). Most of semiconductor memory 
manufacturers are trying to improve latch-up im- 
munity of their products. Hitachi provides enough 
guard band by applying diffusion layer around 
inputs and outputs, taking care not to connect input 
to p^ diffusion layer. Input voltage for 64 kbit 
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static RAM HM6264A, for example, is specified as 

follows: 

V|H max 6.0 V (not depending on Vcc) 
V,L min 3.0 V (pulse width = 50 ns) 
-0.3 V (DC level) 



Internal Input o 

Kcc(+5V) Vcc 



Thus almost no consideration for latch-up is re- 
quired in system design. 




(a) (b) 

Figure 8-3. Cross Section Structure of CMOS Inverter 




Positive Tr3 on vd 
VolUge 



(a) Thynstor Effect by 
Positive Voltage 




Negative Tr« ON 
Voltage I ^ 

Tr, on ^ '^ 

\ 
Tr, ON' 

(b) Thynstor Effect by 
Negative Voltage 



Figure 8-4. Equivelent Circuit of Parasitic Tliyristor 



8.3 Noise Prevention 

Noise in semiconductor memories Is roughly clas- 
sified into Input signal noise and power supply 
noise. 

8.3.1 Input Signal Noise 

Input signal noise is caused by overshoot and under- 
shoot. If either of them is out of recommended DC 
operating conditions, normal operation is hindered, 
and voltage over absolute maximum rating will 
break the device. In operating high speed systems, 
special care is required to prevent input signal 
noise. 

The noise can be prevented by inserting a serial re- 
sistance of less than 50 ohm into each input or a 
terminating resistance into the input line. Actually, 
however, input signal noise can be simply reduced by 
a stable power supply line, because it is often caused 
by unstable reference voltage (GND level). 



8.3.2 Power Supply Noise 

The power source noise can be classed as low- 
frequency noise and high-frequency noise as shown 
in figure 8-5. To assure stable memory operation, 
the peak-to-peak power supply voltage in the pre- 
sence of low-or high-frequency noise should be held 
below 10 percent of its standard level. 



High -frequency Noise 

Not More dun W/o of StaixUrd 

Power Supply VolUge 




Low-frequency Noise 

Not More thsn 10% of Standard Power 

Supply Voltage 

Total of Low-and High-frequency 

Not More than + 10% of Standard Power 

Supply Voltage 



Figure 8-5. Power Source Noise 
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Devices like dynamic RAMs, which operate from 
clock signals, or high speed CMOS static RAMs, 
through which current flows during transition of 
signals, consume high peak current. When a power 
supply does not have enough capacity for the peak 
current, voltage drops. And if the recovery rate of 
the power supply synchronizes with its time con- 
stant, it may start oscillating. To reduce the in- 
fluence of the peak current, a bypass capacitor of 
0.1 - 0.01 iuF should be inserted near the device. 
The following points must be considered in design- 
ing pattern of the board: 

* For bypass capacitors, use titanium, ceramic, or 
tantalum capacitors which have better high- 



frequency characteristics. 

Bypass capacitors must be applied as near to the 

power supply pin of memory devices as possible, 

and inductance in the path from Vcc P'" to Vss 

pin through the bypass capacitor must be as little 

as possible. 

The line connected to the power supply on the 

board should be as wide as possible. 

It is preferrable for the power supply line to be 

at right angles to devices selected at the same 

time, lest too much peak current should flow 

through one power supply line at a time. 



cs 

Signal 



31mI5 

^cc Vss Vcc Vss Vcc Vss 






^s 



^ 



rW 



^ 



0^ 

t_J H— I 



^a. 



i-U H 



-^V-^% 



^ 



^ 



-Faults- 

1 Bypath Lines are too 
Long 

2. Devices Selected at 
a Time are on the 
Same Mother Line 



Figure 8-6. Examples of Power Supply Board Pattern 



8.4 Address Input Waveform of Hi-BiCMOS 
Memory 

Data stored in memory might be destructed in case 
that Address Input of the HM6716, HM6719, 
HM6787, HM6788 and HM6789 series becomes 
floating and sticks at and around threshold voltage, 
(e.g. CPU does Address Bus to off state in Figure 1.) 
Consequently, the following three methods are re- 
commended so as to preserve malfunction of 
memory device. 
A: Insert latch as shown in Figure 8-7 lest Address 

Input should become floating. 
B: Put ^ into High while Address Input becomes 

floating. 

(Dotted line in Figure 8-8) 
C: Insert Pull-up Resistor (R) to hold time 

constant of Rising Edge wave form of Address 

Input pin (tr = R x C) below 150 ns. 
Stable operation can be assured if you have already 
adopted the above three method (A, B, C), while 
if you have any problem, please contact our sales 
offices. 



Address 
Bus 



CS 
Control 



Address 
input 



Pull-up 
Resistor 



•'Stray 
capacitance . 
on board 
C 




Figure 8-7 



Floating 



Figure 8-8 
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HM6116 Series 



Maintenance Only 



2048word x 8-bit High Speed CMOS Static RAM 



■FEATURES 

• Single 5V Supply 

• High speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby and Low Power Operation 

Standby: 100/iW (typ.) 

lOjLtW (typ.) (L-version) 

Operation: 200mW (typ.) 

175mW (typ.) (L-version) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back Up Operation (L-version) 



■ORDERING INFORMATION 




Type No. 


Access Time 


Package 


HM6116P-2 
HM6116P-3 
HM6116P-4 


120ns 
150ns 
200 ns 


eOOmil 24pin 


HM6116LP-2 
HM6116LP-3 
HM6116LP-4 


120 ns 
150 ns 
200 ns 


Plastic DIP 


HM6116FP-2 
HM6116FP-3 
HM6114FP-4 


120 ns 
150 ns 
200 ns 


24pin Plastic SOP 


HM6116LFP-2 
HM6116LFP-3 
HM6116LFP-4 


120 ns 
150 ns 
200 ns 



■FUNCTIONAL BLOCK DIAGRAM 

— tx=f 



l/OiO 




HM6116P Series 




HM6116FP Series 



^11^ 



PIN ARRANGEMENT 


A; 1 


KJ 


24 1 Vcc 


A6 2 




23 1 A» 


As 3 




22 1 At 


A« 4 




21 |We 


A3 ■> 




20 1 OE 


A, 6 




I<» 1 A., 


A. 7 




IH 1 CS 


Ae 8 




17 1 I/()i 


I'Oi 9 




16 j I,'0» 


I/O, 10 




IS 1 !/(!« 


LOi 11 




14 1 l/l\ 


Vss 12 




13 1 I/Oi 



iCH 



(Top View) 



Note) This device is not available 
for new application. 
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HM61 16 Series 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Ks 


Vt 


0.5*' to +7 


V 


Operating Temperature 


T.,, 


to +70 


•c 


Storage Temperature 


T.„ 


-55 to +125 


'C 


Storage Temperature Under Bias 


r»... 


-10 to +85 


•c 


Power Dissipation 


Pr 


1 


w 




Note) * 1 3 5V for pulse width v'lOiis 



■TRUTH 


TABLE 












cs 


OE 


WE 


Mode 


Vcc Current 


1/0 Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


/sB. /si., 


High Z 




L 


L 


H 


Read 


Icc 


Dout 


Read Cycle (1)H3) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


Icc 


Dm 


Write Cycle (2) 



■RECOMMENDED DC OPERATING CONDITIONS (Ta-O to +70C) 



hem 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


V,H 


2.2 


3.5 


6.0 


V 


Vu 


-0.3*' 


- 


0.8 


V 



Note) * 1 -3 OV for pulse width SBOns 



■DC AND OPERATING CHARACTERISTICS (Kcc = 5V±10%, Fss = OV, Ta= 


Oto +70°C) 








Symbol 


Test Conditions 


HM6116-2 


HM6116-3/-4 


Unit 


Item 


mm 


typ*i 


max 


mm 


typ*i 


max 




I/l/1 


Vcc = 5.5V, V//v=l/ss to Vcc 


- 


- 


10 


- 


- 


10 


mA 


Input Leakage Current 


- 


- 


2*3 


- 


- 


2*3 




\Ilo\ 


CS= ViH or 0E= ViH, 
Vi/o= Vss to Vcc 


- 


- 


10 


- 


- 


10 


uA 


Output Leakage Current 


- 


- 


2*3 


- 


— 


2*3 




Icc 


CS= V/L,///o = OmA 


- 


40 


80 


- 


35 


70 


mA 


Operatmg Power Supply 


- 


35*3 


70*3 


- 


30*3 


60*3 


Current 


/CC1*2 


V;h=3.5V, 1//L-0.6V, 
///o^OmA 


- 


35 




- 


30 


- 


mA 




- 


30*3 


- 


- 


25*3 


- 




Icc 2 


Mm. cycle, duty = 100% 
///o=OmA 


- 


40 


80 


- 


35 


70 


mA 


Average Operating Current 


- 


35*3 


70*3 


- 


30*3 


60*3 




ISB 


CS^ViH 


- 


5 


15 


- 


5 


15 


mA 


Standby Power Supply 


- 


4*3 


12*3 


- 


4*3 


12*3 


Current 


ISBX 


CS^ Fee -0 2V, OV^K/N^ 
0.2V or Fcc-0 2V^F/iv 


- 


0.02 


2 


- 


0.02 


2 


mA 




- 


2*3 


50*3 


- 


2*3 


50*3 




Vol 


/oi = 4mA 


- 


- 


04 


- 


- 


- 


V 


Output Voltage 


/oL = 2.1mA 


- 


- 


- 


- 


- 


0.4 


V 




VOH 


/oh =- 1.0mA 


24 


- 


- 


2.4 


- 


- 


V 



Notes) ♦! Kc(=5V. Ta=25'C 
*2 Reference Only 
* 3 This characteristics are guaranteed only for L-version 
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HM61 1 6 Series 

■CAPACITANCE (/=1MH2 


, Ta-25'C) 










Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


K.-OV 


3 


5 


pF 


Input/Output Capacitance 


Cuo 


V,^-OV 


5 


7 


pF 



Note) This parameter is sampled and not 100% tested 

■AC CHARACTERISTICS (K:c=-5V±10%, Ta^O to +70"C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: ITTL Gate and C/_ (lOOpF) (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116-2 


HM6116-3 


HM6116-4 


Unit 


mm 


max 


mm 


max 


mm 


max 


Read Cycle Time 


tRC 


120 


- 


150 


- 


200 


- 


ns 


Address Access Time 


Iaa 


- 


120 


- 


150 


- 


200 


ns 


Chip Select Access Time 


tACS 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection to Output in Low Z 


tCLZ 


10 


- 


15 


- 


15 


- 


ns 


Output Enable to Output Valid 


tot 


- 


80 


- 


100 


- 


120 


ns 


Output Enable to Output in Low Z 


ioLZ 


10 


- 


15 


- 


15 


- 


ns 


Chip Deselection to Output in High Z 


ICHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


toH 


10 


- 


15 


- 


15 


- 


ns 


• WRITE CYCLE 






Symbol 


HM6U6-2 


HM6116-3 


HM6116-4 


Unit 


Item 


mm 


max 


mm 


max 


min 


max 


Write Cycle Time 


twc 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


tew 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to End of Write 


tAW 


105 


- 


120 


- 


140 


- 


ns 


Address Set Up Time 


tAS 


20 


- 


20 


- 


20 


- 


ns 


Write Pulse Width 


twp 


70 


- 


90 


- 


120 


- 


ns 


Write Recovery Time 


twH 


5 


- 


10 


- 


10 


- 


ns 


Output Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Write to Output m High Z 


twHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


tow 


35 


- 


40 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 


5 


- 


10 


- 


10 


- 


ns 


Output Active from End of Write 


tow 


5 


- 


10 


- 


10 


- 


ns 



■TIMING WAVEFORM 
• READ CYCLE (1)'^ 



^^ 



<xx 



JC 



L^ZIZZl 



LTunz 



xx^ 
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HM611 6 Series 



• READ CYCLE (2) "^ 



_)( 



}^SX 



3C 



11 



• READ CYCLE(3) '^ '' '^ 



■\ 



J 



GEX 



J 



NOTES: 1. WEis High for Read Cycle. 

2. Device is continuously selected, C5^= T/^. 

3. Address Valid prior to or coincident with T^S'transition Low. 

4. or- Vji^. 



• WRITE CYCLE (1) 



m 



es 



Wf 



I3C 



:)c 



xsssa 



y////// 



I^SSi 



TTTTTT^ 



^^ 



<L 



]SXX 
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HM61 1 6 Series - 



• WRITE CYCLE (2)^ 



3C 



xx: 



X 



XWW"' 



1SS^[ 



-tnKD 



U«-H^^^ 



)))))))))))31 



:^ 






<: 



]^^ 



I fy p) of a l ow rs" and a low WE, 
fCTor'WF going high to the end 



NOTES: 1. A write occurs during the overlap (t^ 

2. ti^fff is measured from the earlier of < 
of write cycle. 

3. During this period, 1/0 pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CIS" low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. UE"is continuously low. (OT= Vjj^) 

6. Dout is the same phase of write data of this write cycle. 

7. Do»# is the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 



I LOW Vcc DATA RETENTION CHARACTERISTICS {Ta = to +70'C) 
This characteristics are guaranteed only for L-version. 



Item 


Symbol 


Test Conditions 


mm 


typ 


max 


Unit 


Vcc for Data Retention 


Vdh 


CSS Vcc -0.2V. V.n^Vcc -0 2Vor V.,S0.2V 


2.0 


- 


- 


V 


Data Retention Current 


ICCOH*' 


Fee = 3 OV.CSl 2 8V, V/h^2.8V or OVg F/wS0.2V 


- 


- 


30 


MA 


Chip Deselect to Data Retention Time 


icon 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


" 


/«C*2 


- 


- 


ns 



Notes) *1 10//Amaxat Ta^O'Cto f 40°C, V/x. min = -0.3V 
*2 /Kc^Read Cycle Time 

• Low Vcc Data Retention Waveform 





V 
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HM6116A Series 

2048-wordx 8-bit High Speed Static CMOS RAM 

■ FURTURES 

• High speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: lOOinW (typ.) 

Low Power Operation B/xW (typ.) (L-version) 

Operation: 15mW (typ.) (f = 1 MHz) 

10 mW (typ.) (L-version) 

• Single 5V Supply and High Density 24 Pin Package 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back Up Operation (L-version) 

■ORDERING INFORMATION 



Maintenance Only 



Type No 


Access Time 


Package 


HM6116AP-12 
HM6116AP-15 
HM6116AP-20 


120ns 
150ns 
200ns 


eOOmil 24pin 


HM6116ALP-12 
HM6116ALP-15 
HM6116ALP-20 


120ns 
150ns 
200ns 


Plastic DIP 


HM6116ASP-12 
HM6116ASP-15 
HM6116ASP-20 


120ns 
150ns 
200ns 


SOOmil 24pin 


HM6116ALSP-12 
HM6116ALSP-15 
HM6116ALSP-20 


120ns 
150ns 
200ns 


Plastic DIP 



■FUNCTIONAL BLOCK DIAGRAM 



-1^ 



X^ 



Memory Matrix 
128X128 



t 



^ 



Input 
Data 
Control 



Column Decoder 



1-1 

A(> Ai A2 At 






1 



HM6 116 AP Series 




HM6 11 6 ASP Series 




(DP-24N) 




IPIN ARRANGEMENT 



At 1 


— \J 


24 


Ah 2 




23 


As [3 




22 


A4 * 




2) 


A< 5 




20 


A.DL 




19 


7 




18 


Ai 1 






Ao A. 




17 


I/O, ±. 




16 


vo. JL 




IS 


1/03 UL 




14 


Vss 12 




13 



A8 

A9 
WE 
OE 

Aio 

cs 

1/08 

I/O? 

I/a 

I/Os 

1/O4 



(Top View) 



Note) This device is not available for new application. 
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HM6116A Series - 



■ABSOLUTE MAXIMUM RATINGS 



hem 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-0.5*' to +7 


V 


Operating Temperature 


T.,. 


to +70 


•c 


Storage Temperature 


T... 


-55 to +125 


•c 


Storage Temperature Under Bias 


r.... 


-10 to +85 


X 


Power Dissipation 


Pr 


1 


w 



Note) * 1 -3 5V for pulse widths 50ns 



■TRUTH 


TABLE 












cs 


OE 


WE 


Mode 


Vcc Current 


1/0 Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


ISB, Is,. 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle (l)-(3) 


L 


H 


L 


Write 


Ice 


Dm 


Write Cycle (1) 


L 


L 


L 


Write 


Ice 


Dm 


Write Cycle (2) 



■RECOMMENDED DC OPERATING CONDITIONS (Ta-O to +70'C) 



hem 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5 5 


V 


Vss 











V 


Input Voltage 


V,M 


2.2 


3.5 


6.0 


V 


V,L 


-03*1 


- 


0.8 


V 



Note) ♦ 1 - 3 OV for pulse widths 50ns 



DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ = to +70°C) 



Item 


Symbol 


Test Condition 


HM6116A-12 


HM6116A-15 


HM6116A-20 


Unit 


min 


typ*' 


max 


min 


typ*' 


max 


min 


typ*' 


max 


Input Leakage 
Current 


I/l/I 


VcC=SSW.Vin-Vss 
io Vcc 


- 


- 


2 


- 


- 


2 


- 


- 


2 


iuA 


Output Leakage 
Current 


i/loI 


CS=VjH or m=Vj„, 
Vj/o^Vss to Vcc 


- 


- 


2 


- 


- 


2 


- 


- 


2 


mA 




Ice 


CS = F/^,///O=0mA 
Vin = Vm or VjL 


_ 


5 


15 


_ 


5 


15 


_ 


5 


15 


mA 


Operating Power 


- 


4*2 


12*' 


- 


4*2 


12*' 


- 


4*2 


12*' 


Supply Current 


feci 


ViH= Vcc, ViL- OW, 
///O=0mA,/=lMHz 


- 


3 


6 


- 


3 


6 


- 


3 


6 


mA 




- 


2*2 


5*2 


- 


2*2 


5*' 


- 


2*2 


5*2 




Average Operating 


ICC2 


min. cycle, Ij^Q=OmA 
duty= 100% 


- 


35 


60 


- 


25 


45 


- 


20 


35 


mA 


Current 


- 


30*2 


50*2 


_ 


20*2 


40*2 


- 


15*2 


30*2 






ISB 


CS=Vm 


_ 


1 


4 


- 


1 


4 


- 


1 


4 


mA 


Standby Power 


- 


0.5*^ 


3*2 


- 


0.5*' 


3*2 


- 


0.5*' 


3*2 


Supply Current 


^SBl 


CS^Kcc- 0.2 V 
OV ^ Vin 


_ 


0.02 


2 


_ 


0.02 


2 


- 


0.02 


2 


mA 




- 


1*2 


50*' 


- 


1*2 


50*' 


- 


1*2 


50*' 


mA 


Output Voltage 


Vol 


Iql = '^mA 


- 


- 


0.4 


- 


- 


0.4 


- 


- 


0.4 


V 


VOH 


/o//= -1.0mA 


2.4 


- 


- 


2.4 


- 


- 


2.4 


- 


- 


V 



Notes) *l.Kcc=5V,ra=25*'C 

*2. This characteristics is guaranteed only for L-version. 
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HM6116A Series 



ICAPACITANCE (/-IMHz. Ta-25"C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


V..-OV 


3 


5 


pF 


Input/Output Capacitance 


Cuo 


V,x)-OV 


5 


7 


pF 




Note) This parameter is sampled and not 100% tested 

■AC CHARACTERISTICS {Vcc-5V±10%. Ta-O to +70'C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Tinr^es: 10 ns 

Input and Output Timing Reference Levels- 1.5V 

Output Load. 1TTL Gate and C/_ » lOOpF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116A-12 


HM6116A-15 


HM6116A-20 


Unit 




min 


max 


min 


max 


min 


max 




Read Cycle Time 


^RC 


120 


- 


150 


- 


200 


_ 


ns 


Address Access Time 


tAA 


- 


120 


- 


150 


- 


200 


ns 


Chip Select Access Time 


Ucs 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection to Output iirLow Z 


^CLZ 


10 


- 


10 


- 


10 


_ 


ns 


Output Enable to Output Valid 


^OE 


- 


55 


- 


60 


- 


70 


ns 


Output Enable to Output in Low Z 


^OLZ 


10 


- 


10 


- 


10 


- 


ns 


Chip Deselection to Output in High Z 


'CHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


fOHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


tOH 


10 


- 


15 


- 


20 


- 


ns 


• WRITE CYCLE 


Item 


Symbol 


HM61I6A-12 


HM6116A-15 


HM6116A-20 


Unit 




min 


max 


min 


max 


min 


max 




Write Cycle Time 


%C 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


^CW 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to End of Write 


tAW 


105 


- 


120 


- 


140 


- 


ns 


Address Set Up Time 


Us 





- 





- 





- 


ns 


Write Pulse Width 


^WP 


70 


- 


80 


- 


100 


- 


ns 


Write Recovery Time 


tWR 





- 





- 





- 


ns 


Output Disable to Output in High Z 


^OHZ 





40 





50 





60 


ns 


Write to Output in High Z 


^WHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


^DW 


35 


- 


40 


- 


50 


- 


ns 


Data Hold from Write Time 


^DH 





- 





- 





- 


ns 


Output Active from End of Write 


^OW 


10 


- 


10 


- 


10 


- 


ns 



■TIMNG WAVEFORM 
• READ CYCLE (1)*'' 



Address 



ZJ( 



~^RC- 



-fAA- 



O-E \\\\\\\\ 



cs 



Dout 



W^ 



tOE- 

-fOLZ- 



— fACS- 
-fCLZ — 



<xx 



3C 



L V777; 






- fOHZ 
-fCHZ 



11 



xx>- 
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HM61 16A Series - 



• READ CYCLE (2)' 



Address 



ZD( 



-tRC- 



-^OH- 



-tAA- 



Dout 



XEEEX 



3C 



fOH~ 



• READ CYCLE(3) " '^ '' 

CS 

Dout 



'^ACS- 



" — ^CLZ 



^isxx 






NOTES: 1. WEis High for Read Cycle. 

2. Device is continuously selected, CST- Vj^. 

3. Address Valid prior to or coincident with T!?transition Low. 

4. or« ^7£.. 



• WRITE CYCLE(I) 



Address 



Z3( 



OE 



IZ)^ 



WE 



-fwc- 



"SSSSte 



-few- 



■Us. 



-Uw- 






■>- ))))))> 



:)c 






/ 



-twp 



in 



Din 



*-^DW- 



■<][ 



^wh121 



-tDH-^ 



]SEX 
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HM6116A Series 



• WRITE CYCLE (2) *' 

Address 

CS 
WE 



D( 



S 



-fwc- 



XVM'- 



-fcw- 



-Uw- 



£L 






-rvirpd)- 



^WHZ ■ 



y 



)r-^ oyff- 



Din 



tyjR [2] 

K////// 



-^OH- 



- — roiy 



161 



^DH-^ 



^KXm 



|71 



IC 



fe^ 




NOTES: 1. A write occurs during the overlap (two) of a low rS" and a lowHTF. 

2. f i4^/j is measured from the earlier of S'or WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied^ 

4. If the CS" low transition occurs simultaneously with the "WF low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. Z5E"i$ continuously low. (GE« V/i) 

6. Dqui is the same phase of write data of this write cycle. 

7. Po»tis the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the daU input signals of opposite phase to the outputs must 
not be applied to them. 

ILOW Vcc DATA RETENTION CHARACTERISTICS (Ta-0 to +70'C) 
This characteristics is guaranteed only for L-version. 



Item 


Symbol 


Test Conditions 


mm 


»yp 


max 


Unit 


Vcc for D«U Retention 


Vo» 


CS^Vcc -0.2V 


2.0 


- 


- 


V 


Data Retention Current 


Icco»*' 


V'cc-a.OV. CSi2.8V, OV^K/N 


- 


- 


30 


mA 


Chip Deselect to Data Retention 


Time 


Icon 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


In 


/«C*2 


- 


- 


ns 



Notes) * 1 10/a A max at Ta = 0*C to f 40°C. Vil mm - -0 3V 
* 2 /»(• = Read Cycle Time 

• Low Vcc Data Retention Waveform 



Dtit Retention Mode 



7 




\ 
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HIVI6716 Series 
HIVI6719 Series 



Maintenance Only 



2048-word x 8-bit High Speed Hi-BiCI\/IOS Static RAM (with OE) 
2048-word x 9-bit High Speed Hi-BiCIVIOS Static RAJVJ (with OE) 



Features 

Fast Access Time: 25/30ns (max) 

Low Power Dissipation (DC): 280mW (typ.) 

+5V Single Supply 

Completely Static Memory No Clock or Timing Strobe Required 

Balanced Read and Write Cycle Time 

Fully TTL Compatible Input and Output 



■ ORDERING 


INFORMATION 




Type No. 


Access Time 


Package 


HM6716P-25 
HM6716P-30 


25ns 
30ns 


300 mil 24 Pin 


HM6719P-25 
HM6719P-30 


25ns 
30ns 


Plastic DIP 



■ Block Diagram 




WE 



(OE) 



■ Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vgs Pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature Range 


Topr 


to +70 


"c 


Storage Temperature Range 


TsU 


-55 to +125 


**€ 




■ PIN ARRANGEMENT 



• HM6716 



AtC 1 

AeH 2 

AgC 3 

A4C 4 

A3C 5 

A2C 6 

AiC 7 

AqC 8 

I/Oi C 9 

I/O2 C 10 

I/O3C 11 

vss t: 12 



-\ir 



24 DVcc 
23 DAg 

22 :da9 

21 DWE 
20 IDOE 

19 DAio 

18 DCS 
17 Dl/Og 

16 III/O7 
15 Hl/Ofi 
14 DI/O5 

13 ::i/04 



(Top View) 
• HM6719 



A7C 1 

AeC 2 

A5C 3 

A4 1: 4 

A3C 5 

A2C 6 

AlC 7 

AoC 8 

I/OiC 9 

I/O2 C 10 

I/03C 11 

VssC 12 



-Tzr 



24 DVcc 
23 DAg 

22 UA9 

21 hWe 
20 DCS 
19 DAio 

18 DI/O9 

17 Dl/Og 

16 DI/O7 

15 DI/Os 
14 DI/Os 

13 DI/O4 



(Top View) 
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-HM6716, HM6719 Series 



■ Truth Table 
• HM6716 



cs 


OE 


WE 


Mode 


^CC Current 


Pin 


Ref . Cycle 


H 


Hor L 


HorL 


Not selected 


hBy hsi 


HighZ 


- 


L 


L 


H 


Read 


hCy hci 


Dout 


Read Cycle (1) (2) (3) 


L 


H 


L 


Write 


Jcc^ Jcci 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


^CC> ^CCl 


Din 


Write Cycle (2) 


L 


H 


H 


Output Disabled 


J CO ^CCl 


HighZ 


- 




• HM6719 



CS 


WE 


Mode 


Vcc Cunent 


I/O Pin 


Ref. Cycle 


H 


HorL 


Not selected 


hsy hsi 


HighZ 


— 


L 


H 


Read 


tec* ^CCl 


Dout 


Read Cycle (2) (3) 


L 


L 


Write 


tcc> hci 


Din 


Write Cycle (2) 



■ Recommended DC Operating Conditions {Ta = to +70**C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low Voltage 


ViL*' 


-3.0 


- 


0.8 


V 



*) Pulse Width: 20ns, DC: -0.5V 



DC and Operating Characteristics (Vcc = 5V ± 10%, T^ = to +70°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


i/l/I 


Kcc=5.5V,Kj2v=F55 to Fee 


- 


- 


2 


mA 


Output Leakage Current 


i/lo" 


CS=FjH, Fj/o=^5S to Fee 


- 


- 


2 


mA 


Operating Power Supply Current 


^cc 


CS=FjL,/j/o=0mA 


- 


- 


120 


mA 


Average Operating Current 


^CCl 


Min. Cycle, Duty: 100%///o=0mA 


- 


- 


130 


mA 




ISB 


CS=FjH 


- 


- 


30 


mA 


Standby Power Supply 
Current 


hBl 


CS^ Fcc-0.2V 

Fjjv^0.2Vor Vii^'^ Fcc-0.2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


lOL-^"^^ 


- 


- 


0.4 


V 


Output High Voltage 


Von 


^o/r'-ln^A. 


2.4 


- 


- 


V 



■ AC Test Conditions 

Input pulse levels: ^55 to 3.0V 
Input and Output reference levels: 1 .5V 
Input rise and fall time: 4ns 
Output Load: See Figure 



Dout 
o — 



620Q: 



5 + 6V 
: 91012 

■30pF* 



Dout 
o — 



620Q: 




Output Load A 



4- 



including 
scope and jig 



Output Load B 

i^CHZ^ fWHZ> tCLZ' toW' toLZ, fOHz) 
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HM6716,HM67 19 Series- 



■ Capacitance {Ta = 25°C,/= 1 .0 MHz) 












Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Capacitance 


Cm 


ViN-OV 


- 


- 


6 


pF 


I/O Capacitance 


Q/o 


K//O-0V 


- 


- 


8 


pF 



Note) This parameter is sampled and not 100%, tested. 



■AC Characteristics (Vcc 5V ± 10%, T^ = to +70°C, unless otherwise noted.) 
• Read Cycle 



Item 


Symbol 


HM67 16-25 
HM67 19-25 


HM6716-30 
HM6719-30 


Unit 


Notes 




min 


max 


min 


max 




Read Cycle Time 


^RC 


25 


- 


30 


- 


ns 


- 


Address Access Time 


Ua 


- 


25 


- 


30 


ns 


- 


Chip Select Access Time 


Ucs 


- 


25 




30 


ns 


- 


Chip Selection to Output in Low Z 


^CLZ 





- 





- 


ns 


*2 


Output Enable to Output Valid 


^OE 





20 





20 


ns 


*1 


Output Enable to Output in Low Z 


^OLZ 





- 





- 


ns 


*1,*2 


Chip Deselection to Output in High Z 


^CHZ 





10 





12 


ns 


*2 


Chip Disable to Output in High Z 


^OHZ 





10 





10 


ns 


*1,*2 


Output Hold from Address Change 


^OH 


5 


- 


5 


- 


ns 


- 


Input Voltage Rise/FaU Time 


tT 


- 


150 


- 


150 


ns 


*3 



• Write Cycle 



Item 


Symbol 


HM6716-25 
HM6719-25 


HM6716-30 
HM6719-30 


Unit 


Notes 




min 


max 


min 


max 




Write Cycle Time 


^WC 


25 


- 


30 


- 


ns 


- 


Chip Selection to End of Write 


tew 


20 


- 


25 


- 


ns 


- 


Address Setup Time 


tAS 





- 





- 


ns 


- 


Address Valid to End of Write 


^AW 


20 


- 


25 


- 


ns 


- 


Write Pulse Width 


twp 


20 


- 


25 


- 


ns 


- 


Write Recovery Time 


fWR 





- 





- 


ns 


- 


Output Disable to Output in High Z 


tOHZ 





10 





10 


ns 


*1,*2 


Write to Output in High Z 


tWHZ 





10 





12 


ns 


*2 


Data Valid to End of Write 


tow 


15 


- 


15 


- 


ns 


- 


Data Hold Time 


^DH 


5 


- 


5 


- 


ns 


- 


Output Active from End of Write 


tow 





- 





- 


ns 


*2 



Notes) *1. These parameters are for HM6 7 16. 

*2. Transition is measured ±200mV from steady state voltage with Load(B). 

This parameter is sampled and not 100% tested. 
*3. If fj- becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi's Sale Dept. regarding specification. 
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HM6716, HM6719 Series 



■ Timing Waveforms 
• Read Cycled)*^ 



Address 



OE 



)C 



CS 



XX 



N. 



i. 



Dout 



tRC 



t AA 



< toE 



toLZ ► 



-tACS- 
-tCLZ — 



High impedance 



)C 



y 



4^H-^ 



toHZ 
tCHZ 



p g ■>•- v" xx^ 




• Read Cycle (2)*^'*^ 



Address 



tRC 



)C 



toH ► 



tAA 



Dout Previous Date Valid V 



XXX)( 



)C 



toH 



Date Valid ^^ 



• Read Cycle (3) •^••^'*'' 
CS — 



\ 



-tRC- 



' ^ACS 



tcLZ-^ 



Dout 



High impedance 



(XX)( 



7 



tcHZ 



Date Valid 



Notes) •I. WE is High for Read Cycle. 

*2. Device is continuously selected, CS-V fi_. 

*3. Address Valid prior to or coincident with CS transition Low. 
*4. OE=l///.. 
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HM6716, HM6719 Series - 
• Write Cycled) 



Address 



:>c 



OE 



727 



cs 
We 



^ 



^0"^ ) ) ) rn ) ■ 



Din- 



twc 



kjw 



tAW 



y 



-twp 



1*1 



<z 



tow 



< — ► 



>c 



tWR*2 



/ 



High Impedance 



t-DH 



Data Valid 



T7 



xx: 
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-HM6716, HM6719 Series 



• WriteCycle(2)* 



Address 



)C 



CS 
WE 



^ 



twc 



^i: 



tAW 



>c 



tAS 



5^ 



twp~ 



tWH^ 



y 



°'- »»))»» ;;^ »'»'"°'^''-°" m6?y 



Din- 




tWR*2 



k)H 



tow 



^ tpw ^ ^ tpH ^ «g 



/^ 



*7 



Data Valid )^^^^^^ 



Notes) *1. A write occurs during the overlap (<wp^ of a tow CS and low WE. 

*2. tyvR Is measured from the earlier of CS or Wl going high to the end 
of write cycle. 

*3. During this period, I/O pins are in the output state so that the input 
signals^ opposite phase to the outputs must not be applied. 

*4. If the CS low transition occurs simultaneously with the WE low tran- 
sitions or after the WE transition, output remain in a high Impedance 
state. 

*5. OE is continuously low. (OE=J//£). 

*6. Dout is the same phase of write data of this write cycle. 

*7. Dout is the read data of next address. 

*8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6268 Series 



4096-word x 4-bit High Speed CMOS Static RAM 



■ FEATURES 



Single 5V Supply and High Density 20 Pin Package. 
High Speed: Fast Access Time 25/35/45ns (max.) 
Low Power Standby: lOOjuW typ, BjuW typ (L-version) 

Active: 250mW typ. 
Completely Static Memory: No Clock or Timing 
Strobe Required 
Equal Access and Cycle Times 
Directly TTL Compatible - All Inputs and Outputs 
Capability of Battery Back Up Operation (L-version) 



■ORDERING INFORMATION 




Type No. 


Access Time 


Package 


HM6268P-25 
HM6268P-35 
HM6268P-45 


25ns 
35ns 
45ns 


300mil 20pin 


HM6268LP-25 
HM6268LP-35 
HM6268LP-45 


25ns 
35ns 
45ns 


Plastic DIP 



■block diagram 




Memory Array 
64 Rows 
256 Columns 



Vcc 

■ V'ss 



I/Oi o- 
I/O20- 



— ^ input Data 



\o Ai A2 A3 An 



r 







IPIN ARRANGEMENT 



AejT 

a.g: 

A»[T 

A9[T 

A,.[T 
A„E 

cs(T 

Kss [io 



¥] Vcc 
13 A, 
Is] Ai 

It] Ai 
le] \o 

J5]l/0i 
l4]l/02 

liji/os 

j2]l/04 
IT] WE 



(Top View) 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-0.5*' to +7.0 


V 


Power Dissipation 


Pt 


I.O 


W 


Operating Temperature 


T.„ 


to +70 


•c 


Storage Temperature 


T.U 


-55 to +125 


•c 


Temperature under Bias 


n.. 


-10 to +85 


•c 



Note) * 1 -3 5V for pulse widths 10ns 
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HM6268 Series 



ITRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref Cycle 


H 


X 


Not Selected 


ISB, ISB\ 


HighZ 


- 


L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


fee 


Dm 


Write Cycle 




IRECOMMENDED OPERATING CONDITIONS ( Ta -0 to +70t ) 



Parameter 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


45 


5.0 


5.5 


V 


Vss 











V 


Input High (logic 1) Voltage 


V,H 


2.2 


- 


6.0 


V 


Input Low (logic 0) Voltage 


ViL 


-0.5*1 


- 


08 


V 



Note) * 1 -3 0V for pulse widths 10ns 



■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ 


= 0to+70°C 






Parameter 


Symbol 


Test Condition 


Min. 


Typ.*" 


Max. 


Unit 


Input Leakage Current 


Hui 


Vcc = 5.5V, V,„ = Vss to Vcc 


- 


— 


2.0 


fiA 


Output Leakage Current 


HloI 


CS = V,H,V,;o = VsstoVcc 


- 


— 


2.0 


IxA 


Operating Power Supply Current 


Ice 


CS = V,L, Ii/o = 0mA, min. cycle 


— 


50*3 


90 


mA 


Standby Power Supply Current 


ISB 


CS = VjH, min. cycle 


- 


15 


25 


mA 


Standby Power Supply Current ( 1 ) 


ISBI 


CS > Vcc -0-2V, 

OV < V,N < 0.2V or Vcc - 0.2V < V,n 


- 


0.02 


2.0 


mA 


- 


1*2 


50*2 


IxA 


Output Low Voltage 


Vol 


Iql = 8mA 


- 


- 


0.4 


V 


Output High Voltage 


VoH 


Iqh = -0.4mA 


2.4 


- 


- 


V 



Notes) ♦ 1 Typical limits are at Vcc = 5.0V, Ta= +25*C and specified loading 

* 2 '1 his characteristics is guaranteed only for L- version 

* 3 40mA typ for 45ns version 



■CAPACITANCE ( Ta=25'CJ= 


-LOMHz 


) 










Parameter 


Symbol 


Test Conditions 


mm 


max 


Unit 


Input Capacitance 


CiN 


I//A-OV 


— 


6 


PF 


Input/Output Capacitance 


Clio 


V,/o = OV 


- 


9 


pF 



Note This parameter is sampled and not 100% tested 



I AC CHARACTERISTICS ( Vcc = 5V±10%, Ta = to +70^, unless otherwise noted.) 



• AC Test Conditions 

Input pulse levels: Vss to 3.0V 
Input rise and fall times: 5ns 

Output Load (A) 

5V 



Input and Output timing reference levels: 1.5V 
Output load: See Figure 

Output Load (B) 
(for tHZ, tLZ, tWZ & tQW) 



'480Q 




-T-30pF^ 



777- 



Dout 



255Q< 



IIISpF* 



4e Including scope and jig. 
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HM6268 Series - 



• READ CYCLE 





Symbol 


HM6268-25 


HM6268-35 


HM6268-45 


Unit 


Parameter 


mm 


max 


min 


max 


mm 


max 


Read Cycle Time 


tRC 


25 


- 


35 


- 


45 


- 


ns 


Address Access Time 


tAA 


- 


25 


- 


35 


- 


45 


ns 


Chip Select Access Time 


tACS 


- 


25 


- 


35 


- 


45 


ns 


Output Hold from Address Change 


tOH 


5 


- 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z 


tLZ*' 


10 


- 


10 


- 


10 


- 


ns 


Chip Deselection to Output in High Z 


tHZ*' 





15 





20 





20 


ns 


Chip Selection to Power Up Time 


tPU 





- 





- 





- 


ns 


Chip Deselection to Power Down Time 


tPD 


- 


25 


- 


25 


- 


30 


ns 



Note) * 1 Transition is measured ± 200mV from steady state voltage with Load (B) 
This parameter is sampled and not lOO^'o tested 



• Timing Waveform of Read Cycle No. 1<^>'^2) 



MEM 



IZ 



Timing Waveform of Read Cycle No. 2^^^'^^^ 



Vcc Supply /cc 

Current 



^. 



GEEM 



7^ 



!■ 



5_ 

/I High 



"\ 



Notes: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vji,. 

3. Address Valid prior to or coincident with CS transition Low. 

• WRITE CYCLE 



Parameter 


Symbol 


HM6268-25 


HM6268-35 


HM6268-45 


Unit 


min 


max 


min 


max 


mm 


max 


Write Cycle Time 


iwc 


25 


- 


35 




45 


- 


ns 


Chip Selection to End of Write 


t^ 


20 


- 


30 


- 


40 




ns 


Address Valid to End of Write 


tAW 


20 


- 


30 


~ 


40 




ns 


Address Setup Time 


tAS 





~ 










- 


ns 


Write Pulse W^idth 


hp 


20 




30 


- 


35 


- 


ns 


Write Recovery Time 


iHR 





- 





- 





- 


ns 


Data Valid to End of Write 


tow 


12 


- 


20 


- 


20 


- 


ns 


Data Hold Time 


tDH 





- 





- 





- 


ns 


Write Enabled to Output in High Z 


tAZ*' 





8 





10 





15 


ns 


Output Active from End of Write 


/bH*l 





- 





- 





- 


ns 



Note) * 1 Transition is measured ± 200m V from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested 
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-HM6268 Series 



Timing Waveform of Write Cycle No. 1 (WE Controlled) 

t\M 



Addrei 



WE 



cs xx::i 



///////// 



^^ 



:^^ 



*3 



-(SM 



Data in Valid 



-. ^(((( ((( ^ 



♦ 2 



j^ 



♦ 5 



XE^ 



♦ 5 



High Impedance 




♦ 6 



usK>a 



• Timing Waveform of Write Cycle No. 2 (CS Controlled) 



nWWWWWW 



^e 



\. 



y 



3C 



//////////////// 



mmmyyyxK 



i mxm 



High Impedance (4) 



Notes: 1. A write occurs during the overiap of ajow CS and a low WE. it\\^p). 

2. t^^R is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must iiot be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if t^fn is long enough. 
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HM6268 Series - 



ILOW Vcc DATA RETENTION CHARACTERISTICS (O'C ^ Ta^TO'C ) 

This characteristics guaranteed only for L-version. 



Parameter 


Symbol 


Test Conditions 


mm 


typ 


max 


Unit 


Vcc for Data Retention 


Vo. 


CS^Vcc-0.2V 
V..^ Vcc -0.2V or 
0V^K.S0.2V 


2.0 


- 


- 


V 


Data Retention Current 


IcCDR 


- 


- 


30*2 
20*^ 


mJ^ 


Chip Deselect to Data Retention Time 


Icon 


See retention waveform 





- 


- 


ns 


Operation Recovery Time 


tn 


//.c *i 


- 


- 


ns 



Notes) *1 l»t-Re«d Cycle Time 



♦ 2 Vcc-3 OV 

♦ 3 Vci-2 OV 



• LOW Vcc DATA RETENTION WAVEFORM 




DATA RETENTION MODE 




CSiV(( -0 2\ 



84 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM6268 Series 



SUPPLY CURRENT VS. SUPPLY 
VOLTAGE 









Ta =2S'C 








^ 






^ 


^ 


^ 


^^ 























4.75 5.0 5.2! 

Supply Voltage Wcc (V) 



SUPPLY CURRENT VS. AMBIENT 
TEMPERATURE 



I 

"I 1.2 









Kcc= 5 0V 










.^^ 












■~- — 


— 



















20 40 

Ambient Temperatare Ta (*C) 




ACCESS TIME VS. SUPPLY 
VOLTAGE 



ACCESS TIME VS. LOAD 
CAPACITANCE 









ra=25-C 












^^ 












^^ 



















1.6 
1.4 
1.2 
1.0 
0.8 
OR 














^ 


y^ 






^ 




/ 








¥^ 

















4.5 4.75 5.0 5.25 

Supply Voltage Wcc (V) 



200 300 400 

Load Capacitance Ct (pF) 



ACCESS TIME VS. 
AMBIENT TEMPERATURE 









V^cc =5.0V 








^ 




^^ 


--^ 




^^ 

























20 40 60 

Ambient Temperature Ta (*C) 



SUPPLY CURRENT VS. 
FREQUENCY 



r(ns) 





K 


K) 50 33 25 20 


1.0 

1 

1 ^"^ 

^^ 0.8 

^ 0.7 

0.6 










^ 






^ 


^ 






.^ 


^ 





































10 20 30 40 

Frequency / (MHz) 
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HM6268 Series- 



INPUT LOW VOLTAGE VS. SUPPLY 
VOLTAGE 



INPUT HIGH VOLTAGE VS. SUPPLY 
VOLTAGE 



I" 

■© 

> 

3 









ra=25-C 
















— -- 


. — " 


■"■^ 























4.75 5.0 5.25 5.5 

Supply Voltage Wcci^) 









7'a=25*C 














^^^ 


^^ 


^^^ 


-"^ 























4.75 5.0 5.25 

Supply Voltage Vcc (V) 



OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 



OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 



^ 0.8 

% 



\ 






ra= 25'C 

Kcc = 5V 


) 









































^ 1.0 

I 

> 0.8 

I 

0.6 







> 


ra=25-C 
Vcc=5V 






A 








/ 






/\ 








/ 








f 







Output Voltage VoH (V) 



0.2 0.4 0.6 0.8 

Output Voltage Vol (V) 



STANDBY CURRENT VS. AMBIENT 
TEMPERATURE 



STANDBY CURRENT VS. SUPPLY 
VOLTAGE 









1^00= 3V 
CS=2.8V 






^-"^^^ 


/ 


^ 









8 0.8 

















y 






y^ 






^ 






--^ 




Ta- 
CS 


=25-C 

= Vcc -0.2V 











Ambient Temperature Ta (*C) 



3 4 5 

Supply Voltage Vcc (V) 
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HM6267 Series 



16384-word x 1-bit High Speed CMOS Static RAM 



FEATURES 

High Speed: Fast Access Time 35/45/55ns (max.) 
Low Power Standby and Low Power Operation 

Standby: O.lmW (typ.)/5iLtW (typ.) (L-version), 

Operation: 200mW (typ.) 
Single 5V Supply and High Density 20 Pin Package 

Completely Static Memory No Clock or Timing Strobe 

Required 
Equal Access and Cycle Time 
Directly TTL Compatible: All Input and Output 
Capability of Battery Back Up Operation (L-version) 



■ ORDERING INFORMATION 




Type No. 


Access Time 


Package 


HM6267P-35 
HM6267P-45 
HM6267P-55 


35ns 
45ns 
55ns 


300 mil 20 pin 


HM6267LP-35 
HM6267LP-45 
HM6267LP-55 


35ns 
45ns 
55ns 


Plactic DIP 



■ BLOCK DIAGRAM 

^ — \x 




Memnry Array 
12MX128 



Column Decoder 



s~oxo~s 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin* l 


Vt 


-0.5*2 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


^opr 


to +70 


''C 


Storage 
Temperature 


^stg 


-55 to +125 


"C 


Storage Temperature Under Bias 


Tbias 


-10 to +85 


°c 




PIN ARRANGEMENT 




(Top View) 



Notes) * 1 . With respect ot V^S- 

♦2. -3.SV for pulse width ^ 20ns. 
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HM6267 Series - 



I TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not sekcted 


IsB, lsB^ 


High-Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


High-Z 


Write Cycle 



I RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70°C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


^IH 


2.2 


- 


6.0 


V 


VlL 


-0.5*1 


- 


0.8 


V 



Note) * 1 . -3.0V for pulse width ^ 20ns 



■ DC AND OPERATING CHARACTERISTICS (Fee = 5V ± 10%, Vss = OV, Ta = 


= to +70°C 


) 




Item 


Symbol 


Test Conditions 


HM6267-35 


HM626745/55 


Unit 


min 


typ*i 


max 


min 


typ*i 


max 


Input Leakage Current 


i/l/I 


Fec=5.5V.F/Ar=F55 to Fee 


- 


- 


10 


- 




10 


AiA 


Output Leakage Current 


i/lo' 


CS=F///, VouT=Vss to Fee 


- 


- 


10 


- 


- 


10 


mA 


Operating Power Supply Current 


he 


CS=F7/^,/(9j77^0mA,min. cycle 


- 


40 


100 


- 


40 


80 


mA 




ISB 


CS = F7//, min cycle 


- 


10 


20 


- 


10 


20 


mA 


Stand by Power Supply Current 


ISBl 


cs^ Fee -0.2V, 

0V^F/iv<0.2Vor 

Fee-0-2v^F7^ 


_ 


0.02 


2 


_ 


0.02 


2 


mA 




- 


1*2 


50*2 


- 


1*2 


50*2 


mA 




Vol 


lOL = 8mA 


- 


- 


0.4 


- 


- 


0.4 


V 


Output Voltage 


VOH 


^H = -4mA 


2.4 


- 


- 


2.4 


- 


- 


V 



Notes) *1. Typical limts are at Fee = 5V, Tq = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 



CAPACITANCE (7^ = 25"C,/= IMHz) 



hem 


Symbol 


typ. 


max 


Unit 


Conditions 


Input Capacitance 


c„ 


- 


5 


pF 


V'/i.-OV 


Output Capacitance 


CoUT 


- 


7 


pF 


VovfOV 



Note) Thit parameter it sampled and not 100% tested 



■ AC CHARACTERISTICS (Fee = 5V ±10%, T^ = to +70°C, unless otherwise noted) 

• AC TEST CONDITIONS 

Input pulse levels: Vss to 3.0V Output Load A 

Input rise and fall times: 5ns +5v 

Input and Output timing reference levels: 1 .5V ? 

Output load: See Figure ^ 4«oc 

Doui O- 

: 30pF 



* Including scope and jig. 



Output Load B 

(for tm, tiz, twz A torn) 



u 



i 480Q 



* Including scope and jig. 
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HM6267 Series 



• Read Cycle 



Item 


Symbol 


HM6267-35 


HM626745 


HM6267-55 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


35 


- 


45 


- 


55 


- 


ns 


1 


Address Access Time 


tAA 


- 


35 


- 


45 


- 


55 


ns 




Chip Select Access Time 


Ucs 


- 


35 


- 


45 


- 


55 


ns 




Output Hold from Address Change 


tOH 


5 


- 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


5 


- 


ns 


2,3,7 


Chip Deselectio to Output in High Z 


tHZ 





30 





30 





30 


ns 


2,3,7 


Chip Selectio to Power Up Time 


tpu 





- 





- 





- 


ns 




Chip Deselection to Power Down Time 


tPD 


- 


20 


- 


30 


- 


30 


ns 






• TIMING WAVEFORM OF READ CYCLE NO. 1 *> ^> 

tfic- 



Address 



Data Out 



_)( 



^^OH-^ 



-^AA- 



Previous Data 
Valid 



)( 



IXXXJE^ 



• TIMING WAVEFORM OF READ CYCLE NO. 2 *^ ®> 



CS 



Data Out 

Vcc Supply 
Current 



U-fLZ 
High Impedance 



-fRC- 



-Ucs- 



/. 



fcc_ 



fpu 



^xxx 



Data Valid 



/ 



fpD 



'HZ 



High Impedance 



50% 



50% 



Notes) 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, tffz max. is less than t^z min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. WE is High for READ cycle. _ 

5. Device is continuously selected, CS = Vji. 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
• Write Cycle 



Item 


Symbol 


HM6267-35 


HM6267-45 


HM6267-55 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


^WC 


35 




45 


- 


55 


- 


ns 


2 


Chip Selection to End of Write 


^CW 


30 


- 


40 


- 


50 


- 


ns 




Address Valid to End of Write 


Uw 


30 


- 


40 


- 


50 


- 


ns 




Address Setup Time 


Us 





- 





- 





- 


ns 




Write Pulse Width 


tWP 


20 


- 


25 


- 


35 


- 


ns 




Write Recovery Time 


^WR 





- 





- 





- 


ns 




Data VaUd to End of Write 


tDW 


20 


- 


25 


- 


25 


- 


ns 




Data Hold Time 


tDH 





- 





- 





- 


ns 




Write Enabled to Output in High Z 


^WZ 





20 





25 





25 


ns 


3,4 


Output Active from End of Write 


fow 





- 





- 





- 


ns 


3,4 
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HM6267 Series - 



• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 



Z)( 



-' X^l 



Data Out Data Undefined 



IS^ / 



)( 



)( 



2CZ 



> — 

/ Hiith Impedani 



X 



c 



• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 



Address 



Z)i 



-fwc- 



-^AW- 



-Us-^ 



CS 



Y 



-few- 



y 



WE 



Din 



Dout 



wwwww^ . 



-^DVf- 



^WR- 



3C 



Data in Valid 



- I 'DH 



< 



Data Undefined 



High Impedance 



Notes) 1 . If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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-HM6267 Series 



ILOW Vcc DATA RETENTION CHARACTERISTICS (O'C ^ ra^70*C ) 

This characteristics is guaranteed only for L-version 



Parameter 


Symbol 


Test Conditions 


mm 


typ 


max 


Umt 


Vcc for Data Retention 


Vo, 


CS^Vcc-0.2V 

K.^Vcc-0.2V or 0V^K,^0.2V 


2.0 


- 




V 


Data Retention Current 


IcCDk 


- 


- 


30*2 
20*3 


M^ 


Chip Deselect to Data Retention Time 


tcDH 


see retention waveform 





- 


- 


ns 


Operation Recovery Time 


" 


, ,, 


- 


- 


ns 



Notes) *1 <»t-Re«d Cycle Time 



*2 Vcc-3 OV 
♦ 3 Vcc -2 OV 




• LOW Vcc DATA RETENTION WAVEFORM 




DATA RETENTION MODE 




CSiVci-0 2\ 



SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 









ra = 2VC 








^^ 












-^^ 





























Vcc = 5 0V 
























— 



















Supply VnliaRe Uc (V) 



Ambient Temperature Ta ( *C 1 
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HM6267 Series - 



ACCESS TIME VS. SUPPLY VOLTAGE 



ACCESS TIME VS. AMBIENT TEMPERATURE 



1 

i " 

I 



7-« = 2'-.t 









Vcr = SOV 












^ 






^ 

























Supplv VoltaK<- V(( (\) 



Ambient Tempirature Tn ( t) ) 



ACCESS TIME VS. LOAD CAPACITANCE 



16 

1 


























1 

' 1 




_-^ 




^" 


OK 










«fi 











100 200 300 



SUPPLY CURRENT VS. FREQUENCY 

/ (ns) 
200 100 66 50 40 M 



10 
I 09 












^ 










,^ 


^ 






^ 


^ 






I" 

■i 07 




y^ 


^ 








•^ 





























10 IS 20 

Frequencs / (MH/) 



INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 



1 J 








rn = 25t 


12 
11 
10 
09 














^^ 


^-^ 


-^ 


"^^ 














07 











13 

12 

1 








ra=25t 










J 






^^^ 





1 '" 

■1 


^-^ 


■"^ 






1 










08 
07 











4 75 50 5 25 

Supply Voltage \'cc (V) 



50 
Supply Voltage Wcc {'■^'^ 
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-HM6267 Series 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



I 1.2 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



J 1.0 








\ 




ra=25r 




\ 








\ 








\ 








\ 















S 10 

i 







/ 








/ 








/ 






/ 




Ta = 25X: 
Vcc = 5V 




/ 








^ 








Output VoltaRC VoH (V) 



2 0.4 

Output Voltage Vol iV) 



STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 





10 ♦ 








Vrr = 3V 
CS=2 8V 


1 










^ 


i 


io-« 




J 








io-» 


2 


•0 i 


I ( 


)0 « 



STANDBY CURRENT VS. SUPPLY VOLTAGE 



1 
1 •« 









/ 








/ 






/ 






y 


/ 




^^ 


y 




ro=25t: 

CS=Vcf-0 2V 


^ 









Ambient Temperature Ta ( "O 



Suppiv Voltage Vcc (V) 
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HM6264A Series 



Maintenance Only 



8192-word x 8-bit High Speed CMOS Static RAM 



I FEATURES 

» Low Power Standby 



Standby: 0.1 mW (typ.) 
lOiLtW (typ.) L/LL-version 
Operating: 15mW/MHz (typ.) 
100ns/120ns/150ns (max.) 



Low Power Operation 
Fast access Time 
Single -♦■5V Supply 

Completely Static Memory No clock or Timing Strobe Required 

. Equal Access and Cycle Time 

Common Data Input and Output, Three State Output 
Directly TTL Compatible: All Input and Output 
Capability of Battery Back Up Operation (L-/LL-version) 



■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM6264AP-10 
HM6264AP-12 
HM6264AP-15 


100ns 
120ns 
150ns 




HM6264ALP-10 
HM6264ALP-12 
HM6264ALP-15 


100ns 
120ns 
150ns 


600 mil 28 pin 
Plastic DIP 


HM6264ALP-10L 
HM6264ALP-12L 
HM6264ALP-15L 


100ns 
120ns 
150ns 




HM6264ASP-10 
HM6264ASP-12 
HM6264ASP-15 


100ns 
120ns 
150ns 




HM6264ALSP-10 
HM6264ALSP-12 
HM6264ALSP-15 


100ns 
120ns 
150ns 


300 mil 28 pin 
Plastic DIP 


HM6264ALSP-10L 
HM6264ALSP-12L 
HM6264ALSP-15L 


100ns 
120ns 
150ns 




HM6264AFP-10 
HM6264AFP-12 
HM6264AFP-15 


100ns 
120ns 
150ns 




HM6264ALFP-10 
HM6264ALFP-12 
HM6264ALFP-15 


100ns 
120ns 
150ns 


28 pin 
Plastic SOP 
(Note) 


HM6264ALFP-10L 
HM6264ALFP-12L 
HM6264ALFP-15L 


100ns 
120ns 
150ns 





HA6264AP Series 




(DP-28) 



HM6264ASP Series 




(DP-28N) 



HM6264AFP Series 




F^ 



(FP-28D/DA) 



■ PIN ARRANGEMENT 



Note) T is added to the end of the type no. for a SOP of 3.00 mm (max.) 
thickness. 




(Top View) 
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-HM6264A Series 



■ BLOCK DIAGRAM 



CS20- 

CS.o- 



I? 



^ 



I 



Memorv Matrix 
25b X 256 



Data 
Control 



Column Decoder 



AlA?.A...Aiu.Ai 



Timing Pulse Gen 



Column Decoder 



oVss 



(I 




I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage** 


Vt 


-0.5*2 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


0^ 


Storage Temperature 


Tstg 


-55 to +125 


^^c 


Storage Temperature (Under Bias) 


Tbias 


-10 to +85 


°c 



Notes) *1. With respect to F^-^. 

*2. -3.0V for pulse width ^ 50ns 

■ TRUTH TABLE 



WE 


CS7 


CS, 


m 


Mode 


I/O Pin 


Vcc Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


^sbJsbi 




X 


X 


L 


X 


HighZ 


isbJsbx 




H 


L 


H 


H 


Output Disabled 


HighZ 


Ice 




H 


L 


H 


L 


Read 


Dout 


Ice 


Read Cycle 


L 


L 


H 


H 


Write 


Din 


Ice 


Write Cycle (1) 


L 


L 


H 


L 


Din 


Ice 


Write Cycle (2) 



X : H or L 

■ RECOMMENDED DC OPERATING CONDITIONS {Ta = to +70°C) 



Item 


Symb<il 


mtn 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltatie 


ViH 


2.2 




6.0 


V 


VlL 


-0.3*1 




0.8 


V 



Note) *1. -3.0V for pulse width S 50ns 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



95 



HM6264A Series- 



■ DC AND OPERATING CHARACTERISTICS (Vcc = SV ± 10%, Vss = OV, Ta 


= 0to 


+70°C) 




Item 


Symbol 


Test Condition 


min 


typ*i 


max 


Unit 


Input Leakage Current 


I^L/I 


ym= Vss to Vcc 


- 


- 


2 


mA 


Output Leakage Current 


i/loI 


CST= VjH or CS2=F/L orOE= F///or WE= Vji, 
Vi/o=Vss to Vcc 


- 


- 


2 


mA 


Operating Power Supply Current 


JCCDC 


CSi=Vfi, CS2= VjH, ///(9=0mA 


- 


7 


15 


mA 




^CCl 


Min. cycle, duty=100%, CSl=F/x„ CS2=F/// 
///O=0mA 


- 


30 


45*^ 


mA 




30 


55*« 


Average Operating Current 


iCC2 


Cycle time = Ijus, duty = 100%, ///^ = 0mA, 
CSl ^ 0.2V, CS2^ Fee -0.2V 
ViH ^ Vcc -0.2V, Vji ^ 0.2V 


- 


3 


5 


mA 




^SB 


CSl=F///orCS2=F/x, 


- 


1 


3 


mA 


Standby Power Supply Current 


^SB1*2 


CSl^Fee-0.2V, CS2>Fee-0.2V or 
OV S 0S2 S 0.2V, OV ^ Vin 


- 


0.02 


2 


mA 




- 


2*3 


100*' 


mA 




- 


2*4 


50** 


Output Voltage 


Vol 


IOL = '^'^mA. 


- 


- 


0.4 


V 


VOH 


/Oi/=-1.0mA 


2.4 


- 


- 


V 



Notes) *1. Typical limits are at Kee=5.0V, Ti,=25°C and specified loading. 

*2. V/L min=-0.3V 

*3. This characteristics is guaranteed only for L-version. 

*4. This characteristics is guaranteed only for LL-version. 

*5. For 120ns/l 50ns version. 

*6. For 100ns version. 



I CAPACITANCE (/ = I MHz, T^ = 25°C) 



Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


Cin 


yin = OV 


- 


5 


pF 


Input/Output Capacitance 


Ci/o 


Vl/O = OV 


- 


7 


pF 



Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS {Vqc = 5V±10%. Fa = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8V/2.4V 

Input Rise and Fall Time 10ns 

Input Timing Reference Level: 1.5V 

Output Timing Reference Level: 0.8V/2.0V 

Output Timing Reference Level: HM6264A-10 1.5V 

HM6264A-12/15 0.8V/2.0V 
Output Load: 1TTL Gate and C^ (lOOpF) (including scope and jig) 
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-HM6264A Series 



• READ CYCLE 







Symbol 


HM6264A-10 


HM6264A-12 


HM6264A-15 


Unit 




min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


tAA 


- 


100 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CSl 


tcoi 


- 


100 


- 


120 


- 


150 


ns 


CS2 


tC02 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


50 


- 


60 


- 


70 


ns 


Chip Selection to 


CSl 


tLZl 


10 


- 


10 


- 


15 


- 


ns 


Output in Low Z 


CS2 


tLZ2 


10 


- 


10 


- 


15 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to 


CST 


tHZl 





35 





40 





50 


ns 


Output in High Z 


CS2 


tHZ2 





35 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


tOH 


10 


- 


10 


- 


10 


- 


ns 




Notes) 1 . t[jz and fQHZ ^^e defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2. At any given temperature and voltage condition, tfjz max is less than tiz min both for a given device and from 
d device to device. 



• READ CYCLE 



Address 




-tLZl 




^€02- 



tLZ2- 



^ mmwwm r 



-^OE 
-tOLZ-~* 



Dout- 



■®C 



ws 



IR 



Data Valid 



-^HZl- 



-tHZ2- 



-^OHZ- 



Note) 1. WE is high for Read Cycle 



\^tOH-* 



m- 
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HM6264A Series — 

• WRITE CYCLE 


Item 


Symbol 


HM6264A-10 


HM6264A-12 


HM6264A-15 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


fwc 


100 


- 


120 


_ 


150 


- 


ns 


Chip Selection to End of Write 


tew 


80 


- 


85 


- 


100 


- 


ns 


Address Setup Time 


tAS 





- 





- 





- 


ns 


Address Valid to End of Write 


Uw 


80 


- 


85 


- 


100 


- 


ns 


Write Pulse Width 


tWP 


60 


- 


70 


- 


90 


- 


ns 


Write Recovery Time 


tWR 





- 





- 





- 


ns 


Write to Output in High Z 


tWHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


tDW 


40 


- 


40 


- 


50 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


Output Enable to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


5 


- 


ns 



• WRITE CYCLE (1) (OE clock) 



Address 



>C 



m^- 



77777777/ 7/777 



-tyjc- 



>c 



^^^ 



^ 



CSl 



^^^Si 



tew [2] 



(41 



////////////// 



tWR 



(6) 



^^^ v// ///////// /// 



tAW 



wwwwwwv 



tASi^] 



WE- 



tWPiU 



1^ ////////////^ 



V 



'OHZl^^ 



^' ))))))))))) ^ 



Din- 



<l 



tow 



tDH 



\^ 



}^ 
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-HM6264A Series 



• WRITE CYCLE (2) (OE Low Fix) 



Address 



)C 



CSl 



\ 



CS2 



Z 



WE- 



-twc- 



)C 



-tAW- 



xxs 



tew [21 



[61 



]i 



tcwl^] 



^5S 



'ASl^] 



5SSE 



twp[U 



l^^ ^H^//Z 



Dout- 



)))))))))))))) ^ ' 



Din- 



<X)( 



^DM/ 



tWR [41 



5^ 




^O// 



^OH' 



tDH 



[7] 



e® 



[8] 



(91 



^3®- 



NOTES: 1) A write occurs during the overlap of a low CSl, a high CS2 and a low WE. A write begins at the latest transi- 
tion among C§1 going low, CS2 going high and WE going low. A write ends at the earliest transition among 
Ci?I going high, CS2 going low and WE going high, tjyp is measured from the beginning of write to the end 
of write. 

2) tew is measured from the later of CSl going low or CS2 going high to the end of write. 

3) tj^s is measured from the address valid to the beginning of write. 

4) twR is measured from the earliest of CSl or WE going high or CS2 going low to the end of write cycle. 

5) During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs 
m ust n ot be applied . 

6) If CSl goes low simultaneously with WE going low or after WE going low, the outputs remain in high im- 
pedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CST is low and CS2 is high during this period, I/O pins are in the output state Therefore, the input signals 
of opposite phase to the outputs must not be applied to them. 



Hitachi America, Ltd 
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HM6264A Series - 



LOW Fee DATA RETENTION CHARACTERISTICS (7;, = to +70°C) 

This characteristics is guaranteed only for L/LL-version. 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc for Data Retention 


^DR 


CSl>Fcc-0.2V, CS2^ Fcc-0.2V or 
CS2S:o.2V 


2.0 


- 


- 


V 


Data RetentionCurrent 


ICCDR 


Fee = 3.0V 

csi ^ Fee -0.2V 

CS2 ^ Fee -0.2V or OV^CS2^0.2V,iOV<F/„ 


- 


1*. 


50*' 


mA 


- 


1*2 


25- 


Chip Deselect to Data Retention 
Time 


tCDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


tRC*^ 


- 


- 


ns 



Notes) *1. VjL min = ~0.3V, 20juA max at Ta=0 to 40°C, This characteristics is guaranteed only for L-version. 
♦2. VjL min = -0.3V, lOjuA max at T^ = to 40°C, This characteristics is guarnteed only for LL-version. 
*3. tjiC - R^ad Cycle Time 



• LOW Vcc DATA RETENTION WAVEFORM (1) (CSI Controlled) 

Data Retention Mode 




CSl^Vcc -0.2V 




OV- 



• LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

-, Data Retention Mode 

4.5V- 




Note) In Data Retention Mode, CS2 controls the Address, WE, CSI, OE and Din buffer. If CS2 controls data retention 
mode, Vin for these inputs can be in the high impedance state. If CSI controls the data retention mode, CS2 must 
satisfy either CS2 ^Fcc-0.2V or CS2 ^ 0.2V. The other input levels (address, WE. OE, I/O) can be in the high 
impedance state. 
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-HM6264A Series 



SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 






SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 









\(( ='^^)\ 














^.^^ 


-^ 




























s \..|i,„;,. \,, \ 



\nihifni I «'m|H'rauirt' In \ 



SUPPLY CURRENT VS. 
FREQUENCY 



ACCESS TIME VS. 
LOAD CAPACITANCE 




















^ 




^^ 






^ 


.y^ 




7« = 25t 



















I ..•..».•»( \ \ \!H/ 



j(K) vns -100 --m 

l.odd Capacitance ( / pF> 



ACCESS TIME VS. 
SUPPLY VOLTAGE 



ACCESS TIME VS. 
AMBIENT TEMPERATURE 



/..-.'-.( 



Supplv \«llldi(B' \<( \ 









W(=5 0V 






/ 


y 




^/ 


y 




y^ 


^ 























20 40 a 

\mbient Temperature fn i V ) 
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HM6264A Series- 



INPUT LOW VOLTAGE VS. 
SUPPLY VOLTAGE 



INPUT HIGH VOLTAGE VS. 
SUPPLY VOLTAGE 









r„-25-c 














^_^^ 


--- 



























4 ') 1 7') 



SuppK \ oltan*' ^ ' < ^ ' 



up|,K \..l,,.«.. \m \ 



OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 









\ ( ( -- ".\ 


\ 










\ 








\ 








^ 


\ 








\ 









/ 








/ 








/ 






/ 




1 ( ( ')\ 




/ 















Output Vohace Voh (V) 



Duipiit \nl,aKf I"; \ 



STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 




STANDBY CURRENT VS. 
SUPPLY VOLTAGE 



■\mbiem remt)eraiurp hi '"C 



HITACHI 



SuppK \ (;lt<lHf W( I \ I 
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HM6288 Series 



1 6384-word X 4.bit High Speed CMOS Static RAM 

The Hitachi HM6288 is a high speed 64k static 

RAM organized as 16-kword x 4-bit. It realizes 

high speed access time (25/35/45 ns) and low 

power consumption, employing CMOS process 

technology. 

It Is most advantageous for the field where high 

speed and high density memory is required, such 

as the cache memory for main frame or 32-bit 

MPU. 

The HM6288, packaged in a 300 mil plastic DIP 

and SOJ, is available for high density mounting. 

Low power version retains the data with battery 

back up. 



■FEATURES 

Single 5V Supply and High Density Plastic Package. 
High Speed: Fast Access Time 25/35/45 ns (max.) 
Low Power dissipation 

Active mode 300mW (typ.) 

Standby mode 100/xW (typ.) 
Completely Static Memory 
No Clock or Timing Strobe Required. 
Equal Access and Cycle Times. 
Directly TTL Compatible - All Inputs and Outputs. 

ORDERING INFORMATION 



■BLOCK DIAGRAM 




IPIN ARRANGEMENT 



Type No. 


Access Time 


Package 


HM6288P-25 
HM6288P-35 


25ns 
35ns 


300 mil 
22-pin 


HM6288LP-25 
HM6288LP-35 


25 ns 
35 ns 


Plastic DIP 
(DP-22NB) 


HM6288JP-25 
HM6288JP-35 


25ns 
35ns 


300 mil 

24-pin 

SOJ (CP-24D) 


HM6288LJP-25 
HM6288UP-35 


25ns 
35ns 




Mfmorv 
\rrav 



• HM6288P Series 



AOC 

A1 C 

A2C 

A3C 

A4C 

A5C 

A6C 

A7 

A8 

CS 



dVcc 
3A13 
3A12 

daii 

3A10 

DA9 

3 1/01 

3 1/02 

Dl/03 

Dl/04 

3WE 



(Top View) 



• HM6288JP Series 



AOC 1 
A1 C 2 
A2C 
A3C 
A4C 
A5C 
A6C 
A7C 
A8c 
C§C 
NCC 
VssE 



24 3 Vcc 
23 3A13 
22 3 A12 
21 3 All 
20 3 A10 
19 DAS 
18 3 NO 
17 3 1/01 
16 3 1/02 
15 D 1/03 
14 3 1/04 
13DWE 



(Top View) 



-:5— . 



Input 
Daia 



C oiumn Decoder 



\7 Ah As Ai« Ah A12 An 






■Pin Description 


Pin Name 


Function 


A0-A13 


Address 


I/01-I/04 


Input/Output 


CS 


Cliip Select 


WE 


Write Enable 


Vcc 


Power Supply 


Vss 


Ground 
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HM6288 Series- 



I ABSOLUTE MAXIMUM RATINGS 



hem 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-0.5*'to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


r.,. 


to -1-70 


•c 


Storage Temperature 


T.u 


-55 to +125 


•c 


Temperature under Bias 


n... 


-10 to +85 


*c 



Note * 1 Kr nun = -2 OV for pulse width ^ 1( 



■truth table 



"cs 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


Standby 


IsB, IsB\ 


HighZ 


- 


L 


H 


Read 


Ice 


Dout 


Read'Cycle 1, 2 


L 


L 


Write 


Ice 


Din 


Write Cycle 1. 2 



■RECOMMENDED DC OPERATING CONDITIONS ( Ta=-0 to +70X) 



Parameter 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input High (logic 1) Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low (logic 0) Voltage 


V,L 


-0.5*1 


- 


0.8 


V 



Note. ♦ 1. ViL mm = -2 OV for pulse widths 10ns 



IDC AND OPERATING CHARACTERISTICS (T^=0 to +70X, Fee = 5V± 10%, Fss=OV) 



Parameter 


Symbol 


Test Condition 


min 


typ* J 


max 


Umt 


Input Leakage Current 


1 Iu\ 


K;c = MAX. K/iv=Fss to Vcc 


- 


- 


20 


M 


Output Leakage Current 


\Ilo\ 


CS= K/H,K//o= Vss to Vcc 


- 


- 


2.0 


mA 


Operating Power Supply Current 


Ice 


CS= ViL, 1 1/0 = 0mA, min. cycle 


- 


60 


120 


mA 


Standby Vcc Current 


ISB 


CS= ViH, min. cycle 


- 


15 


30 


mA 


Standby Vcc Current 1 


/SB1*2 


CS^ Vcc -0.2V 

OV^ F/iv^0.2V or Fee- 0.2V ^ Vin 


- 


0.02 


2.0 


mA 


/SB1*3 


- 


0.02 


0.1 


mA 


Output Low Voltage 


Vol 


/oL=8mA 


- 




0.4 


V 


Output High Voltage 


VOH 


/o«=- 4.0mA 


2.4 


— 


- 


V 



Notes. ♦ 1. Typical limits are at Vcc = 5.0V, Ta= +25'C and specified loading 

♦ 2. P version 

* 3. LP version 



■CAPACITANCE ( Ta=2S'CJ 


= 1.0MH 


z) 










Parameter 


Symbol 


Test Conditions 


min 


max 


Unit 


Input Capacitance 


C,n 


v;,=ov 


- 


6 


PF 


Input/Output Capacitance 


Clio 


K//o=OV 


- 


8 


PF 



Note: This parameter is sampled and not 100% tested 
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■AC CHARACTERISTICS 

• AC Test Conditions 

Input pulse levels: OV to 3.0V 
Input rise and fall times: 5ns 



-HM6288 Series 



Input and Output timing reference levels: 1.5V 
Output load: See Figure 




Dout 



255Q « 



777 



ZZ 30pF* 



Output Load (A) 
♦Including scope & jig. 



255Q< 



ZISpF* 



Output Load (B) 
jfy (for tiiz, tLZf ^WZ&^OW) 



■ READ CYCLE 



Parameter 


Symbol 


HM6288-25 


HM6288-35 


Unit 


min 


max 


min 


max 


Read Cycle Time 


tRC 


25 


- 


35 


- 


ns 


Address Access Time 


tAA 


- 


25 


- 


35 


ns 


Chip Select Access Time 


(ACS 


- 


25 


- 


35 


ns 


Output Hold from Address Change 


^OH 


3 


- 


5 


- 


ns 


Chip Selection to Output in Low Z 


tLZ* 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High Z 


^HZ* 





12 





20 


ns 


Chip Selection to Power Up Time 


tpu 





- 





- 


ns 


Chip Seselection to Power Down Time 


fPD 


- 


25 


- 


30 


ns 



* Transition is measured ± 200m V from steady state voltage with Load (B) 
This parameter is sampled and not lOO"© tested 

• Timing Waveform of Read Cycle No.1 ^^^ ^^^ 



X 



Provious 
Data Valid 



)ESm 



)C 



• Timing Waveform of Read Cycle No.2 t^HS] 



^xx 



cs 


\ 


•m 


tRC 


7 


/ 










Iacs 






tHZ 






'«-' -1 










■'kvvvv\/\ 


^ Data Valid 


\ 










H,gh I„ped.„.. K/VV V\/V 


High 












IPD 


Imp« 


dance 


Vcc supply 












Ice 






/ 


^ 50% 






50% i 


\ 



Notes 1 WE IS High for Read Cycle 

2 Device is continuously selected, CS= Vil 

3 Address Valid prior to or coincident with CS transition Low 
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HM6288 Series- 



WRITE CYCLE 



Parameter 


Symbol 


HM6 288-25 


HM6 288-35 


Unit 


min 


max 


min 


max 


Write Cycle Time 


^WC 


25 


- 


35 


- 


ns 


Chip Selection to End of Write 


tew 


20 


- 


30 


- 


ns 


Address Valid to End of Write 


Uw 


20 


- 


30 


- 


ns 


Address Setup Time 


Us 





- 





- 


ns 


Write Pulse Width 


tWP 


20 


- 


30 


- 


ns 


Write Recovery Time 


fWR 





- 





- 


ns 


Date Valid to End of Write 


^DW 


12 


- 


20 


- 


ns 


Data Hold Time 


tDH 





- 





- 


ns 


Write Enabled to Output in High Z 


twz* 





8 





10 


ns 


Output Active from End of Write 


tow* 


5 


- 


5 


- 


ns 



♦ Transition is measured ± 200m V from steady state voltage with Load (1 
This parameter is sampled and not lOO'-'o tested 



• Timing Waveform of Write Cycle No.1 (WE Controlled) 



X 



j: 



X 



^SX£ 



s 



/■ 



m. 



KS> 



^ 



High Impedance 



€ 



^ 
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HM6288 Series 



• Timing Waveform of Write Cycle No.2 (CS Controlled) 





-, twc 






X 


X 




tAW 


twR*2 






-m '"* 
















^s -^ ■/ 


wwwwi ////////// 




• *"»' 


m '"" ^ 








xxxxxxxxxxxxx — 


xxxxxxx 




High Impedance ^4 



Notes) 1 A write occurs during the overlap of a low CS and a low WE (/« p) 

2 twRis measured from the earlier of CS or WE going high to the end of write cycle 

3 During this period, I/O pins are in the output state so that the input signals of opposite phase to the 
outputs must not be applied 

4 If the CS low transition occurs simultaneously with the WE low transition or after the WE 
transition, the output buffers remain in a high impedance state 

5 If CS IS low during this period, I/O pins are in the output state after tow Then the data input signals 
of opposite phase to the outputs must not be applied to them 

6. Dout is the same phase of write data of this write cycle, if twR is long enough 



• Low Vcc Data Retention Characteristics {Ta = Oto +70°C) 

( This Characteristics is guaranteed only for L- version. ) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Vcc for data retention 


Vdr 


2.0 


- 


- 


V 


CS^l/cc-0.2V 
F,«^ Vcc -0.2V or 
0V^K„^0.2V 


Data retention current 


ICCDR 


- 


- 


502' 
353> 


fxh 


Chip deselect to data 
retention time 


tCDR 





- 


- 


ns 


See retention waveform 


Operation recovery time 


tR 


tRc'' 


- 


- 


ns 



NOTE 1 /Rc = Read cycle time 

2 Kcc = 3.0V 

3 Kcc=2 0V 

Low ^cc Data Retention Waveform 







Data Retention Mode 












^ 


( 




lew 


k" i 


m '* 














/ V J _\ 




t-— J 




\ 


/ 




\ 




/ 


\ 


/ 


CSi Vcc -0.2V 






\ 


OV 
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HM6288 Series 



SUPPLY CURRENT VS. SUPPLY VOLTAGE 



SUPPLY CURRENT VS. AMBIENT TEMPERATURE 



^ '' 



0.6 









Ta = 25r 














^^^ 


-^^ 


^^ 


-^ 























4.5 4.75 5 5.2! 

Supply Voltage Vcc (V) 



5.5 



1.6 
^ 1-4 
12 

o 
2 

^ 10 









Vcc = 5 0V 






















— 


-— 



















20 40 60 80 

Ambient Temperature Ta CO 



ACCESS TIME VS. SUPPLY VOLTAGE 



ACCESS TIME VS. LOAD CAPACITANCE 



I 1-2 

e 

o 

S 1.1 



i 1-0 



^ 0.9 



0.7 









Ta=25iC 






















"^^ 


~^^ 



















4.5 4 75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 



1 


I.S 
1.6 


















i 


14 


















^^,,^^ 


^ 










.^-^^^ 




1.2 










>i 






y''^'^^'^ 






1.0 


^^ 
















< 


0.8 
nfi 





















50 100 150 200 

Load Capacitance Cl(pF) 



ACCESS TIME VS. AMBIENT TEMPERATURE 



1.3 



^ 1.0 

g 









Vcc=5.0V 
















"" 


^ 

























20 40 60 

Ambient Temperature Ta (°C) 



SUPPLY CURRENT VS. FREQUENCY 

100 50 33 25 20 T (ns) 



1.0 



0.8 



^ 0.7 











/ 








^ 






/ 


^ 






^A 


y 








/ 





















10 20 30 40 50 

Frequency f (MHz) 
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-HM6288 Series 



LOW LEVEL INPUT VOLTAGE VS. 
SUPPLY VOLTAGE 



1.3 

15 

e 

I 1 1 



1.0 



I 0.9 

I 









Ta=25X: 














^ 




—^ 


"^ 























4 75 5.0 5 25 

Supply Voltage Vcc (V) 



HIGH LEVEL INPUT VOLTAGE VS. 
SUPPLY VOLTAGE 



•5 1.2 

s 



E 1.1 

> 

oj 

"S 1.0 
> 

3 
Q. 

C 

r 0.9 

►J 

f 0.8 



0.7 









Ta=25'C 
















--^ 


^ 


^ 























4.5 4.75 5.0 5.25 

Supply Voltage Vcc (V) 



5.5 




OUTPUT CURRENT VS. OUTPUT VOLTAGE(i) 



1.4 



1.2 



1.0 



0.4 







1 ' 


Ta=25r 
Vcc = 5V 


\ 




























V 








\ 





12 3 4 

High Level Output Voltage Voh (V) 



OUTPUT CURRENT VS. OUTPUT V0LTAGE(2) 

^ 1.6r 

1 

I ,.4|- 

^ 1.2 

c 

1.0 

3 

% 0.8 

1 0.6 







/ 


Ta = 25"C 
'Vcc = 5V 






/ 








/ 




















> 









0.2 0.4 0.6 0.8 

Low Level Output Voltage Vol (V) 



STANDBY CURRENT VS. AMBIENT TEMPERATURE 



I 5 

"(3 
E 



i 

^ 0.5 



0.1 









Vcc=3V 
CS=2.8V 




^^ 


X 


y 


^^ 


^ 















20 40 60 

Ambient Temperature Ta (*C) 



80 



STANDBY CURRENT VS. SUPPLY VOLTAGE 

1.4 ■ 

I '■'■ 

I 1.0 

o 

Z 

s 0.8 
i 0.6 

3 

o 

I 0.4 









/ 








/ 




















y 










Ta = 2 
CS=V 


St 
CC-0.2V 











3 4 5 

Supply Voltage Vcc (V) 
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HM6288 Series 



STANDBY CURRENT VS. INPUT VOLTAGE 













Ta=25t: 
Vcc=5.0V 
CS=4.8V 


















/ 


^ 












/ 


\ 








/ 




\ 


\ 







2 3 4 5 

Input Voltage Vin (V) 
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HM6788 Series 



16384-word X 4-bit High Speed Hi-BiCMOS Static RAM 



■features 

• Super Fast Access Time : 25/30ns (max.) 

• Low power Operation 

Operating: 230mW (typ). Standby: lOmW (typ) 

• +5y Single Supply 

• Completely Static Memory - 

No Clock or Timing Strobe required 

• Balanced Read and Write Cycle Time 

• Fully TTL compatible Input and Output 



Maintenance Only 



■ ORDERING INFORMATION 




Type No. 


1 
Access Time 


Package 


HM6788P-25 


25ns 


300 mil 22 pin 


HM6788P-30 


30ns 


Plastic DIP 



■block diagram 



AzO 



A4C> 

AsO 
AeO 
AtO 
AsO- 

I/OiO- 

i/02a 



r/Oso- 
1/04 o- 



csa 
mo- 





A ARRANGEMENT 


^G 


v^ 


^Vcr 


..[T 




1T]Ai3 


.[T 




^Au 


A3[^ 




IgjAu 


^^e 




jiJAio 


^e 




17] A» 


u[7 




Tejj/Oi 


^.{£ 




25J1/02 


.[7 




2i|i/03 


csljl 




iIli/04 


FssQT 




^m 



(Top View) 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vss pin 


Vt 


-0 5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


To,r 


Oto +70 


•c 


Storage Temperature (with bias) 


T,u(bias) 


-10 to +85 


X 


Storage Temperature 


T.s 


-55 to +125 


'C 
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HM6788 Series — — — 

■truth TABLE 


cs 


WE 


Mode 


Vcc Current 


Output Pin 


Ref . Cycle 


H 


X 


Not selected 


ISB, ISBI 


HighZ 


- 


L 


H 


Read 


Ice, Ice I 


Dout 


Read Cycled) (2) 


L 


L 


Write 


lee, leex 


Din 


Write Cycled) (2) 



■RECOMMENDED DC OPERATING CONDITIONS 


(O'C^Ta^KfC) 


Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input High Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low Voltage 


V,L 


-0.5* > 


- 


0.8 


V 



Note) ♦ 1 -3 OV with 20ns pulse width 



■DC AND OPERATING CHARACTERISTICS ( Vcc = 5V ± 10%, Ta^O'C to +70'C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


I/l/I 


Vfcc = 5.5V, ViN=Vss to Vcc 


- 


- 


2 


M 


Output Leakage Current 


\Ilo\ 


CS= ViH, Vi/o= Vss to Vcc 


- 


- 


2 


M 


Opearating Power Supply Current 


Ice 


CS=K/i.///o=0mA 


- 


- 


80 


mA 


Average Operating Current 


Iccx 


Min. Cycle, Duty: 100% 


- 


- 


120 


mA 


Standby Power Supply Current 


ISB 


CS=K/H 


- 


- 


30 


mA 


ISBI 


CS^ KCC-0.2V. V,.v^0.2Vor V/v^ Vcc-0.2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


/o/,=8mA 


- 


- 


0.5 


V 


Output High Voltage 


VOH 


/oh =- 4mA 


2.4 


- 


- 


V 



■AC CHARACTERISTICS {Vcc = 5V ±10%, Ta = to +70°C, unless otherwise noted) 

• AC Test Conditions 

Input pulse levels: Vss to 3.0V Input and Output reference levels: 1.5V 

Input rise and fall time: 4ns Output Load: See Figure 



Dout 

o~ 



+5V 

o 



777 
Output Load A 



Dout 

o~ 



777 

• Including scope and jig. 

Output Load B 
(tCHZ, tWHZ, tCLZ, tow) 
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-HM6788 Series 



• READ CYCLE 



Item 


Symbol 


HM6788-25 


HM6788-30 


Umt 


min 


max 


min 


max 


Read Cycle Time 


tRC 


25 


- 


30 


- 


ns 


Address Access Time 


tAA 


- 


25 


- 


30 


ns 


Chip Select Access Time 


tACS 


- 


25 


- 


30 


ns 


Chip Selection to Output in Low Z 


tcL/.* 2 





- 





- 


ns 


Chip Deselection to Output in High Z 


tCHZ* 2 





10 





12 


ns 


Output Hold from Address Change 


tOH 


5 


- 


5 


- 


ns 


Chip Selection to Power Up Time*^ 


tPV 





- 





- 


ns 


Chip Deselection to Power Down Time*' 


tPD 


- 


20 


- 


30 


ns 


Input Voltage Rise/Fail Time*^ 


t 


- 


150 


- 


150 


ns 



Notes) ♦ 1 This parameter is sampled and not 100% tested 

*2 Transition is measured ±200mV form steady state voltage with Load (B) This parameter is sampled and not 100"o tested 
*3 If ti becomes more than 150ns, there is possibility of function fail 
please contact your nearest Hitachi Sales Dept regarding specification 



Timing waveform of Read Cycle No. 1 



•1*2 













\d(lri'ss 


i 


( } 


L 








^ lAA 










. '"" . 




lOH ^ 


Doiit 


Previous da 


mVal,d XXX) 


/ 


Data Valid 




k 



• Timing waveform of Read Cycle No. 2 



\ 



High Impedance 



/ 



Data Valid 



) 



High Impedance 



Note) *1. WE= VjH 

*3. Address valid prior to or coincident with CS transition Low. 



• WRITE CYCLE 



* 1 Transition is measured ± 200m V from steady state voltage with Lood(B) 
This parameter is sampled and not 100?o tested 
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Item 


Symbol 


HM6788-25 


HM6788-30 


Unit 


min 


max 


min 


max 


Write Cycle Time 


twc 


25 


- 


30 


- 


ns 


Chip Selection to End of Write 


tew 


20 


- 


25 


- 


ns 


Address Setup Time 


tAS 





- 





_ 


ns 


Address Valid to End of Write 


tAW 


20 


- 


25 


- 


ns 


Write Pulse Width 


twp 


20 


- 


25 


- 


ns 


Write Recovery Time 


tWR 





- 





- 


ns 


Write to Output m High Z 


twHZ*^ 





10 





12 


ns 


Data Valid to End of Write 


tow 


15 


- 


15 


- 


ns 


Data Hold Time 


tDH 


5 


- 


5 


- 


m 


Output Active from End of Write 


tow*^ 





- 







ns 
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HM6788 Series - 



Timing waveform of Write Cycle No. 1 (WE Controlled) 



X 



)( 



\- 



I 



1 



\x 



))))))))^ 



High Impedance 



XI 



/ 



S@ 



Data Valid 



/ / High 



Impedance 



• Timing waveform of Write Cycle No. 2 (CS Controlled) 



)( 



X 



"^- 



/ 



\. 



High Impedance 



^^ 



^ 



ii 



High Impedance 



Data Valid 



Notes) * 1 . A write occurs during the overlap {t\^p) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of 

opposite phase to the outputs must not be applied, 
*3. Dout is the same phase of write data of this write cycle. 
*4. If the CS low transition occurs after the WE low transition, output remain in a 

high impedance state. 
*5. If CS is low during this period, I/O pins are in the output state. Then, the data 

mput signals of opposite phase to the outputs must not be applied to them. 
*6, t}ii^R is measured from the earlier of CS or WE going high to the end of write cycle. 
ICAPACITANCE ( rfl=25X,/=1.0MHz) 



Item 


Symbol 


mm 


typ 


max 


Conditions 


Input Capacitance 


Cis 


" 


- 


60 


K/,\-OV 


Input/Output Capacitance 


Clio 


- 


- 


8.0 


l/orr-OV 



Note) This parameter is sampled and not 100% tested 
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HM6788H Series 



16384-word x 4-bit High Speed Hi-BiCMOS Static RAM 



Features 



Super Fast Access Time : 15/20ns (max.) 

Low power Operation 

Operating: 280mW (typ) 

+5V Single Supply 

Completely Static Memory - 

No Clock or Timing Strobe required 

Equal Access and Cycle Times 

Fully TTL compatible Input and Output 





Ordering Infomnation 

Type No. 


Access Time 


Package 


HM6788HM5 


15ns 


300 mil 22 pin 


HM6788HP-20 


20ns 


Plastic DIP 



Block Diagram 



CSc 




Memory Matrix 
128X512 



Vcc 



Vss 



Input 

Data 

Control 



Column I/O izr 



Column Decoder 



AjjAjjAjoAjAj Aq a, 3 



^ 



1^ 



Pin Arrangement 



aoQI 


\J 


'n\\cc 


v-E 




TTJaij 


^a[r 




I^A.i 


^'E 




]9]Aii 


.[T 




ThJaio 


^s[T 




T7]a» 


u[7 




')6\V0x 


^,[^ 




1I]i/oj 


V.E 




ii|l/0) 


es[F 




iili/o* 


vj»i[Tr 




^WE 




(Top View) 





Absolute Maximum Ratings 

Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vss pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


' W 


Operating Temperature 


To,r 


Oto +70 


•c 


Storage Temperature (with bias) 


r,/,(bias) 


-10 to +85 


•c 


Storage Temperature 


T,^> 


-55 to +125 


•c 



Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 
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HM6788H Series- 



Truth Table 



cs 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


Not selected 


ISB, ISBI 


HighZ 


- 


L 


H 


Read 


Ice, Icci 


Data Out 


Read Cycle (1), (2) 


L 


L 


Write 


Ice, Iccx 


Data In 


Write Cycle (1), (2) 



Recommended DC Operating Conditions (OX ^ Ta^ 70*0 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input High Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low Voltage 


VlL 


-0.5*' 


- 


0.8 


V 



Note) * 1. -3.0V with 10ns pulse width. 



DC and Operating Characteristics ( Fcc = 5V ± 10%, 7a=0X to +70*C) 
Item Symbol Test Conditions 



typ 



Unit 



Input Leakage Current 


\Iu\ 


Vcc=5.5V, ViN=Vss to Vcc 


- 


- 


2 


M 


Output Leakage Current 


\Ilo\ 


CS=K/H. K//o= Vss to Vcc 


- 


- 


10 


M 


Opearating Power Supply Current 


Ice 


CS=ViL,Ii/o=OmA 


- 


- 


100 


mA 


Average Operating Current 


Iccx 


Min. Cycle, Duty: 100% Il/O = 0mA 


- 


- 


120 


mA 


Standby Power Supply Current 


ISB 


CS=K/« 


- 


- 


30 


mA 


ISBX 


CSi KT-0.2V. V/.v^0.2V or Vis^ Kcc-0.2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


/o/.=8mA 


- 


- 


0.4 


V 


Output High Voltage 


VOH 


/ow=-4mA 


2.4 


- 


- 


V 



AC Characteristics (Vcc = 5V ±10%, T, = to +70*'C, unless othei^ise noted) 

• AC Test Conditiont 

Input pulse levels: Vss to 3.0V 
Input rise and fall time; 4ns 



+5V 

Q 



Output 
O 



2S5Q 



:Z30pF* 



Output Load A 



input and Output reference levels: 1.5V 
Output Load: See Figure 



Q+5V 



Output 
o 



zrspF* 



m 

•Indudinf Mopeudjif. 

Output Load B 

(tHZ* fLZf tWZ> tow) 
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Read Cycle 



Item 



Symbol 



HM6788H-15 



HM6788H-20 



-HM6788H Series 



Unit 



Note 









mm 


max 


mm 


max 






Read Cycle Time 




tRC 


15 


- 


20 


- 


ns 




Address Access Time 




tAA 


- 


15 


- 


20 


ns 




Chip Select Access Time 




^ACS 


- 


15 


- 


20 


ns 




Chip Selection to Output in 


LowZ 


tLZ 


3 


- 


3 


- 


ns 


1,2 


Chip Deselection to Output 


in High Z 


^HZ 





6 





8 


ns 


1,2 


Output Hold from Address Change 


tOH 


3 


- 


3 


- 


ns 






Note) *1. This parameter is sampled and not 100% tested. 

*2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

• Timing waveform of Read Cycle No. 1*^'*^ 



Address 
Data Out 




^RC 












\ 
/ 


/ 
\ 


\ 


( 




-^-^OH-^ 


tOH 










Previous Data Valid ^YY) 


( I^-'" Valid )^ 











• Timing waveform of Read Cycle No. 2*^ '*^ 



CS 



Data Out 



\ 



-^RC- 



7 



Ucs 



tLZ 



High Impedance 




tHZ 



Data Valid 



1 



High 



Impedance 



Note) *1. WE= VjH 
*2. CS=K/£, 
*3. Address valid prior to or coincident with CS transition Low. 

Write Cycle 

^ ^ , HM6788H-15 HM6788H.20 
Symbol — 



Item 



Unit 



Note 







mm 


max 


mm 


max 






Write Cycle Time 


twc 


15 


- 


20 


- 


ns 


2 


Chip Selection to End of Write 


tew 


10 


- 


15 


- 


ns 




Address Setup Time 


tAS 





- 





- 


ns 




Address Valid to End of Write 


tAW 


10 


- 


15 


- 


ns 




Write Pulse Width 


twp 


10 


- 


15 


- 


ns 




Write Recovery Time 


twR 


1 


- 


1 


- 


ns 




Write Enable to Output in High Z 


twz 





6 





8 


ns 


3,4 


Data Valid to End of Write 


tnw 


9 


- 


10 


- 


ns 




Data Hold Time 


tOH 





- 





- 


ns 




Output Active from End of Write 


tow 





- 





- 


ns 


3.4 



Note) 1 . If ^ goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6788H Series- 



• Timing waveform of Write Cycle No. KWE Controlled) 



Address 



C§ 



WE 



Data In 



s^a 



. twc 



D( 



• tew ■ 



22ZZZZZZZS 



f-'AS 4 



• tAW 



^ tWR*2 -► 



^^ 



High Impedance 



. twp*l ■ 



7. 



^twz ^ 






• tow 



-Data Valid 



— (((((((({((i 




High Impedance 



High Impedance 



tOH*6 



m& 



• Timing waveform of Write Cycle No. 2 (CS Controlled) 



Address 



CS 



•twc 



}( 



3C 



tAS ► 



• tAW • 



WE 



AWVWW^ 



i- twR*2 -> 



^e 



•tew 



7 



•twp*l- 



Data 



Data Out 



High Impedance *4 



• tow 



i/nn/ni, 

^ tDH^, 




Note)*!. A write occurs during the overlap of a low CS and a low WE. (twp) 

*2.twR is measured from the earlier of CS or Wl going high to the end of write cycle. 

""S. During this period, I/O pins are in the output state so that the input signals of opposite 

phase to the outputs must not be applied. 
*4.If the C§ low transition occurs simultaneously with the WE low transition or after the 

WE transition, the output buffers remain in a high impedance state. 

♦5.1f CS is low during this period, I/O pins are in the output state. Then the data input 
signals of opposite phase to the outputs must not be applied to them. 

*6. Data Out is the same phase of write data of this write cycle. 



Capacitance ( ra=25'C, /= i.omhz ) 

Item Symbol 


min 


typ 


max 


Conditions 


Input Capacitance Cm 


- 


- 


6.0 


V/N=OV 


Input/Output Capacitance C/ /o 


- 


- 


10 


F//0 = OV 



Note) This parameter is sampled and not 100% tested. 
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HM6788HA Series 



— Preliminary 



16384-Word x 4-Bit High Speed Static RAI\/I 

■ FEATURES 

• Super Fast 

Access Time 12/15/20ns (max.) 

• +5V Single Supply 

• Low Power Dissipation 

(DC) Operating 300mW (typ.) 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Fully TTL Compatible— All Inputs and Outputs 

■ ORDERING INFORIVIATION 



Type No. 


Access Time 


Package 


HM6788HAP-12 
HM6788HAP-15 
HM6788HAP-20 


12ns 
15ns 
20ns 


300 mil 22 pin 
Plastic DIP 
(DP-22NB) 



BLOCK DIAGRAIVI 




i/Oio 

I/02 0- 



I/Oao- 

1/04 O—t 



CSo 
WEo 




■ PIN ARRANGEMENT 










AoC 


1 


22 


U Vcc 


AlC 


2 


21 


U Ai3 


A2E 


3 


20 


H Ai2 


AsE 


4 


19 


D All 


A4E 


5 


18 


U Aio 


As [I 


6 


17 


I]A9 


AeE 


7 


16 


Hl/Ol 


Aye 


8 


15 


I]l/02 


AsC 


9 


14 


I]l/03 


OS C 


10 


13 


3 1/04 


VssC 


11 


12 


'Z\ WE 




(Top View) 





Hitachi America, Ltd. 
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HM6788HA Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vgs 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


'^stg 


-55 to +125 


°C 


Temperature Under Bias 


Tbias 


-10 to +85 


°C 



■ RECOMMENDED DC OPERATING CONDITIONS (0°C < 


Ta < 70°C) 








Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High (Logic 1) Voltage 


VlH 


2.2 


— 


6.0 


V 


Input Low (Logic 0) Voltage 


ViL 


-3.0* 


— 


0.8 


V 



*Pulse width < 10ns, DC: -0.5V 



TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


Not Selected 


IsB» IsBi 


HighZ 


— 


L 


H 


Read 


IcC' Icci 


Data Out 


Read Cycle (1), (2) 


L 


L 


Write 


IcC' Icci 


Data In 


Write Cycle (1), (2) 



■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, T^ = 0°C to 70°C, V 


ss = OV) 




Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


Hul 


Vcc = 5.5V, ViN = Vss to Vcc 


— 


— 


2 


M 


Output Leakage Current 


HloI 


CS = ViH,Vi/o = VsstoVcc 


— 


— 


10 


HA 


Operating Power Supply Current 


Ice 


CS = ViL, k/o, = 0mA 


— 


— 


100 


mA 


Average Operating Current 


Icci 


Min. Cycle Duty: 100% Ij/q = 0mA 


— 


— 


120 


mA 


Standby Power Supply Current 


ISB 


CS = ViH 


— 


— 


30 


mA 


Standby Power Supply Current (1) 


IsBl 


CS > Vcc - 0-2V 

ViN < 0.2V or ViN > Vcc - 0-2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


Iql — 8mA 


— 


— 


0.4 


V 


Output High Voltage 


VoH 


Iqh = -4mA 


2.4 


— 


— 


V 



AC TEST CONDITIONS 

► Input Pulse Levels: Vss to 3.0V 

► Input Timing Reference Levels: 1.5V 
» Output Load: See Figure 



' Input Rise and Fall Times: 4ns 
' Output Reference Levels: 1.5V 



Dout 



+5V 
4800 



2550 



Dout 



+5V 
4800 



30 pF* 



2550 



/7Z 

Output Load A 



t jSpF* 



/7Z 

Output Load B 

(fortHZ,tLZ'twZ'&tow) 



♦Including scope and jig capacitance. 
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HM6788HA Series 



CAPACITANCE (\ = 25°C, f = l.OMHz) 



Item 


Symbol 


Max. 


Unit 


Conditions 


Input Capacitance 


CiN 


6.0 


pF 


ViN = ov 


Input/Output Capacitance 


Ci/o 


10.0 


pF 


Vi/o = OV 




NOTE: This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0°C to 70°C, unless otherwise noted.) 
• Read Cycle 



Item 


Symbol 


HM6788HA-12 


HM6788HA-15 


HM6788HA-20 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


12 


— 


15 


— 


20 


— 


ns 


— 


Address Access Time 


tAA 


— 


12 


— 


15 


— 


20 


ns 


— 


Chip Select Access Time 


Ucs 


— 


12 


— 


15 


— 


20 


ns 


— 


Output Hold from Address Change 


tOH 


4 


— 


4 


— 


4 


— 


ns 


— 


Chip Selection to Output in Low Z 


tLZ 


3 


— 


5 


— 


5 


— 


ns 


1,2 


Chip Deselection to Output in High Z 


tHZ 





6 





6 





8 


ns 


1,2 



NOTES: 1. This parameter is sampled and not 100% tested. 

2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

• Write Cycle 



Item 


Symbol 


HM6788HA-12 


HM6788HA-15 


HM6788HA-20 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


12 


— 


15 


— 


20 


— 


ns 


2 


Chip Selection to End of Write 


tew 


8 


— 


10 


— 


15 


— 


ns 


— 


Address Valid to End of Write 


Uw 


8 


— 


10 


— 


15 


— 


ns 


— 


Address Setup Time 


tAS 





— 





— 





— 


ns 


— 


Write Pulse Width 


twp 


8 


— 


10 


— 


15 


— 


ns 


— 


Write Recovery Time 


tWR 





— 





— 





— 


ns 


— 


Data Valid to End of Write 


^DW 


6 


— 


7 


— 


10 


— 


ns 


— 


Data Hold Time 


toH 





— 





— 





— 


ns 


— 


Write Enable to Output in High Z 


twz 





6 





6 





8 


ns 


3,4 


Output Active from End of Write 


tow 


3 


— 


3 


— 


3 


— 


ns 


3,4 



NOTES: 1 . If OS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6788HA Series 



I TIMING WAVEFORM 
Read Cycle (1)(i) (2) 



Address 



>< 



tRC 



tAA 



tOH 



Data< 



Out Previous Data Valid ^CXXXX^C Data Valid ^ <^ 



x: 



tOH 



Read Cycle (2)0) (3) 



cs 



Data Out 



tRC 



^v 



tACS 



tLZ 



High Impedence 



KSMX 



.^ 



tHZ 



Data Valid 



^ 



High 
Impedence 



NOTES: 1 . WE is High for READ cycle. 

2. Device is continuously selected, CS = Vil 

3. Address valid prior to or coincident with CS transition low. 
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• Write Cycle (1) (WE Controlled) 



Address 



CS 



WE 



Data In 



Data 



>c 



^^ 



_te 



twc 



tew 



tAW 



HM6788HA Series 



///////////////, 



High Impedance 



twp(i) 



^twZ(3)^ 



■<P< 



tow 



>c 




^ twR(2)^ 



z 



tDH{5) 



Data Valid 



»„ <<<<<< <<< -^4^ 



^<X>- 



tow (5) 



High Impedance 



High Impedance 



tOH(6) 



texxfc 



Write Cycle (2) (CS Controlled) 



Address 



OS 



twc 



>c 



tAW 



tAS 



tew 



X 



WE 



s\\\\\\\\\\\\\^ 



twP(1) 



J 



tWR(2) 



>C 



High Impedance (4) 



tow 



//////////////A 



*^5H^ 



^wwm. 



Data Out 



NOTES: 1 . A write occurs during the overlap of a low CS and a low WE (twp)- 

2. twR IS measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle. 
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HM6289 Series 



16384-Word x 4-Bit High Speed CIVIOS Static RAIVI (witli OE) 

The Hitachi HM6289 is a high speed 64k static RAM organized 
as 1 6-kword x 4-bit. It realizes high speed access time (25/35/45 ns) 
and lowpowerconsumption, employing CMOS process technology. 

It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM6289, packaged in a 300-mil SOJ, is available for high 
density mounting. Low power version retains the data with battery 
back up. 



Features 

• High speed 

Access time: 25/35 ns (max) 

• High density 24-pin SOJ package 

• Low power 

Active mode: 300 mW (typ) 

Standby mode: 1 00 ^W (typ) 

• Single 5 V supply 

• Completely static memory 

No clock or timing strobe required 

• Equal access and cycle times 

• Directly TTL compatible: All inputs and outputs 



Ordering Information 



Type No. 


Access Time 


Package 


HM6289JP-25 
HM6289JP-35 


25 ns 
35 ns 


300-mil 
24-pin 


HM6289LJP-25 
HM6289LJP-35 


25 ns 
35 ns 


SOJ 

(CP-24D) 



Pin Arrangement 









A.Q 


w 


ZfJVcc 


AiQ 




23)a13 


A2[3 




22]a12 


A3(T 




sgAii 


A4[5 




^AIO 


A5|T 




19|A9 


A6[T 




li|NC 


A7(T 




i7|i/oi 


A8[9 




16)1/02 


CS[io 




li|l/03 


5E(n 




h||/04 


VssQI 




i3|wE 




(Top View) 





Pin Description 



Pin Name 


Function 


A0-A13 


Address 


I/01-I/04 


Input/output 


CS 


Chip select 


OE 


Output enable 


WE 


Write enable 


Vcc 


Power supply 


Vss 


Ground 



Biocl( Diagram 



A7 0- 



I/OIO- 



I/04O- 



WEO- 
T5EO- 









Row 
Decoder 



Memory Matrix 
128X512 



D«U 
Control 



G>luirtn Decoder 



WWW 

All A12 A13 A9 AlO AO Al 



5D=1 



K 






:i53-^ 
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HM6289 Series 



Function Table 



CS OE WE Mode 


Vcc Current 


I/O pin 


Ref . Cycle 




H X X Not selected 


ISB, ISBl 


High-Z 


— 




L L H Read 


Ice 


Dout 


Read cycle (l)-(3) 




L H L Write 


Ice 


Din 


Write cycle (l)-(2) 




L L L Write 


Ice 


Din 


Write cycle (3)-(6) 




Note: x; H or L 

Absolute Maximum Ratings 


Item 


Symbol 


Value 




Unit 


Voltage on any pin relative to Vss 


Vin 


-0.5*^ to +7.0 




V 


Power dissipation 


Pt 


1.0 




W 


Operating temperature range 


Topr 


to +70 




°c 


Storage temperature range 


Tstg 


-55 to +125 




•^c 


Storage temperature range under bias 


Tbias 


-10 to +85 




*^c 




Note: * 1 . Vin mrn = -2.0 V for pulse width < 10 ns. 



Recommended DC Operating Conditions (Ta = 


: to +70X) 






Item 


Symbol 




Min 




Typ 




Max Unit 


Supply voltage 


Vcc 




4.5 




5.0 




5.5 V 




Vss 














V 


Input high (logic 1) voltage 


VlH 




2.2 




— 




6.0 V 


Input low (logic 0) voltage 


ViL 


-0.5*^ 




— 




0.8 V 


Note: *1. ViLmiii = -2.0 V for 

DC Characteristics (Ta = 


pulse width < 10 ns. 

:0to+70X,Vcc 


= 5V± 


10%,Vss = 0V) 






Item 




Symbol 


Min 


Typ*^ 


Max 


Unit 


Test Conditions 


Input leakage current 




IIliI 


— 


— 


2.0 


ma 


Vcc = Max 
Vin = OVtoVcc 


Output leakage current 




IIloI 


— 


— 


2.0 


^A 


CS = ViH 

Vi/o = V to Vcc 


Operating Vcc current 




Ice 


— 


60 


120 


mA 


CS = Vdl, Ivo = mA, 
Min. cycle 


Standby Vcc current 




ISB 


— 


15 


30 


mA 


CS = Vni, Min. cycle 


Standby Vcc current (1) 




ISBl*^ 
ISB1*3 


— 


0.02 
0.02 


2.0 
0.1 


mA 
mA 


CS> Vcc -0.2 V 
OV < Vin < 0.2 V or 
Vcc - 0.2 V< Vin 


Output low voltage 




Vol 


— 


— 


0.4 


V 


loL = 8 mA 


Output high voltage 




VOH 


2.4 


— 


— 


V 


loH = -4.0 mA 



Notes: *1. Typical limits are at Vcc = 5.0 V, Ta = 
*2. P-version 
*3. LP-version 



+25°C and specified loading. 



Capacitance (Ta = 25°C, f = iMHz) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input capacitance 


Cin 


— 


— 


6 


pF 


Vin = OV 


Input/output capacitance 


ClA) 


— 


— 


8 


pF 


V I/O = V 



Note: This parameter is sampled and not 100% tested. 
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HM6289 Series 



AC Characteristics (Ta = to +70^C, Vcc = 5 V ± 10%, unless otherwise noted.) 
Test Conditions 

Input pulse levels: Vss to 3.0 V 

Input rise and fall times: 5 ns 

Input and output timing reference levels: 1 .5 V 
Output load: See figures 



Douto- 



2550 




Output Load (B) 
(for iciiz. ICLZ, lOHZ, lOLZ, iwiE & low) 

>-f-5V 



Dout O- 



255n< 




Note: * Including scope & jig. 



Read Cycle 



Item 


Symbol 


HM6289-25 


HM6289-35 


Unit 


Min 


Max 


Min 


Max 


Read cycle lime 


tRC 


25 


— 


35 


— 


ns 


Address access time 


tAA 


— 


25 


— 


35 


ns 


Chip select access time 


tACS 


— 


25 


— 


35 


ns 


Chip selection to output in low-Z 


tCLZ-' 


5 


— 


5 


— 


ns 


Output enable to output valid 


tOE 


— 


12 


— 


15 


ns 


Output enable to output in low-Z 


tOLZ*^ 





— 





— 


ns 


Chip deselection to output in high-Z 


tCHZ*^ 





12 





20 


ns 


Chis disable to output in high-Z 


tOHZ*^ 





10 





10 


ns 


Output hold from address change 


tOH 


3 


— 


5 


— 


ns 


Chip selection to power up time 


tPU 





— 





— 


ns 


Chip deselection to power down time 


tPD 


— 


25 


— 


30 


ns 



Note: *1. Output transition is measured ±200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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HM6289 Series 



Read Timing Waveform (1) *^ 




Read Timing Waveform <3) '^ '^ 



cs 

Dout 






l*cs 









\ 


\ 






•c« .. 






h-" » 








rvW 




\ 


High ImixdMce 


\AA/ 




/ 



Notes: *1. WE is high for read cycle. 

*2. Device is continuously selected, CS = Vil. 

*3. Address valid prior to or coincident with CS transition low. 

*4. OE = ViL. 



Write Cycle 



Item 


Symbol 


HM6289-25 


HM6289-35 




Min 


Max 


Min 


Max 


Unit 


Write cycle time 


twc 


25 


— 


35 


— 


ns 


Chip selection to end of write 


tew 


20 


— 


30 


— 


ns 


Address valid to end of write 


tAW 


20 


— 


30 


— 


ns 


Address setup time 


tAS 





— 





— 


ns 


Write pulse width 


tWP 


20 


— 


30 


— 


ns 


Write recovery time 


tWR 





— 





— 


ns 


Output disable to output in high-Z*^ 


tOHZ 





10 





10 


ns 


Write to output in high-Z*' 


tWHZ 





8 





10 


ns 


Data to write time overlap 


tDW 


12 


— 


20 


— 


ns 


Data hold from write time 


tDH 





— 





— 


ns 


Output active from end of write*' 


tow 


5 


— 


5 


— 


ns 



Note: 



*1. Output transition is measured ± 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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HM6289 Series 



Write Timing Waveform (1) (OE = 


= High, WE 


= Controlled) 










-. '~ 


J 


Address i 






I 
\ 


y 

A 


" sx 


XV. 


///X//X/ 






Iaw 


twH 




m ^" m 


1^ Iwr^l 




\\\ 


' L 






^ lorn 


- '"" -1 








" 




- XXXXXXXX) 


Date Val 


' IXXXX) 


High Impedance 





Write Timing Waveform (2) (OE = High, CS = Controlled) 










- lire 




X 

Address i 








\ 

7 


\ 










\ 

tAW 


J 




CS 


\ 
















" xxx\\\x ■"■■ 


-^///////l 




tow 


^ '•" .1 








^ " 




"- XXXXXXX) 


/ D.uvdid Xb 


'XXXX} 


n™, H,*i„p«h.„ 
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Write Timing Waveform (3) (OE = Clocked, WE = Controlled) 



Hl\/I6289 Series 




Write Timing Waveform (4) (OE = Clocked, CS = Controlled) 
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HM6289 Series 



Write Timing Waveform (5) (OE = Low, WE = Controlled) 

U '^ ^ 


\ 

Address -, 

/ 


/ 
\ 

tew 


_J( 


\{ 


" sx 


V////// 






^ '*" • 




*^ Ur*l 


WE 










U-i, 


low 1 


AZ 


NNNNNN^^ «"^-^' 




/ .3 \ 


////// 


/ A 

low 


^iOH 


\ /Iv:^ 












(a "■""■" 


h 


♦ 5 









Write Timing Waveform (6) (OE = 


Low, CS = Controlled) 










n- '"c ^ 




Address H 






/ 
\ 


\ 


\ 






/ 




CS 


~\ 










1 l"*^ 






"\WV 


^ 




'//////; 




tcLZ 

/ 


' " \ 


High Imp 


edance 




^ 


s / 




_ '»"' » 


Im 1 




■ d 


1 ~ 




i - kxxx> 

















Notes : * 1 A write occurs during the overiap of a low CS and a low WE. (twp) 

*2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied, 

*4. ff the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 

in a high impedance state. 
*5. K CS is low during this period, I/O pins are in the output state after tow. Then the data input signals of opposite phase to the 

outputs must not be applied to them. 
*6. Dout is the same phase of write data of this write cycle, if tWR is long enough. 
*7. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in high 

impedance state. 
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Low Vcc Data Retention Characteristics (Ta = to +70X) 
This characteristics is guaranteed only for L-version. 



HIVI6289 Series 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Vcc for data retention 


Vdr 


2 


— 


— 


V 


CS> Vcc -0.2 V, 


Data retention current 


ICCDR 


— 


— 


50*2 
35*3 


^lA 


Vin>Vcc-0.2Vor 
0V<Vin<0.2V 


Chip deselect to data retention time 


tCDR 





— 


— 


ns 


See retention waveform 


Operation recovery time 


tR 


tRC*^ 


— 


— 


ns 






Note: ♦!. tRC = Read cycle time 
*2. Vcc = 3.0 V 
*3. Vcc = 2.0 V 



Low Vcc Data Retention Waveform 












Vcc- 






Data Retention Mode 




^ 










( 




4.5V 

2.2V 


ICM 








.. 


tn 






\ 


/ 






'_.„__\-. 


/...\ 


CS- 


"--/ 




.__.V- 






^ \_ 




CSi Vcc - 


-0.2 V 
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HM6289 Series 



Supply Current vs. Supply Voltage 



1.6 



1^ 


1.4 


••5 




1 


1 7 


& 




H 






1.0 


g 




s 


0.8 


U 




>» 




& 


0.6 



0.4 









Ta=25t: 














^^ 


^^ 




-^^ 























4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 



Supply Current vs. Ambient Temperature 

1.6- 
1 1.4- 



l '■' 



0.4 









Vcc = 5.0 V 












































60 
Ambient Temperature Ta (°C) 



80 



Access Time vs. Supply Voltage 



Access Time vs. Load Capacitance 



1.3 



1.2 



n 1.0 



V 0.9 



0.8 



0.7 









Ta=25X; 










-^ 


, 












^ 



















4.5 4.75 5.0 5.25 

Supply Voltage Vcx:(V) 



5.5 



1.8 
^ 1.6 
§. 1.4 

i" 

< 

Ofi 






















^ 


^^ 


^^ 




,x^ 





















50 100 150 

Load Capacitance Cl (pF) 



200 



Access Time vs. Ambient Temperature 



1.3 



i 

i 1. 

1 

S 0.9 

< 

0.7 
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Vcc = 5.0 V 














^^ 




^^ 

























20 



40 



Ambient Temperature Ta (°C) 



1.0 



o 0.9 
S 0.8 

!"■■ 

& 0-6 



0.5 



Supply Current vs. Frequency 

100 50 33 25 20 T (ns) 











y 






y 


y 






y 


y 






/ 


y 








X- 





















10 20 30 

Frequency f (MHz) 
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HM6289 Series 



Low Level Input Voltage vs. Supply Voltage 



i 
> 



a 
I 

i 



I 



1 



09 



0.8 









Ta=25^ 
















-^ 



























4.5 4 75 5 5.25 5.5 

Supply Voltage Vcc (V) 



High Level Input Voltage vs. Supply Voltage 



"S 1 3 



> 



X 07 









Ta = 25lC 
















-^ 



























4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 




Output Current vs. Output Voltage (1) 



Output Current vs. Output Voltage (2) 



& 1.2 
I 10 

9 

u 

I- 0.8 









Ta = 25r 
Vcc = 5V 


\ 




























V 








\ 





16 



1 

6 

I 

2 



10 



0.8 



0.6 









Ta = 25t: 
'Vcc = 5V 


































> 









High Level Output Voltage VoH (V) 



0.2 0.4 0.6 0.8 

Low Level Output Voltage Vol (V) 



Standby Current vs. Ambient Temperature 



i 



1.0 
0.5 



2 



0.1 









Vcc = 3V 
CS=2.8V 








X 


^^ 


^ 















20 



60 



Ambient Temperature Ta (°C) 



Standby Current vs. Supply Voltage 



a 1-2 

I'" 

S 0.8 
c 0.6 
5 0.4 









/ 








/ 




















y 








^ 


Ta=2 
CS=V 


CC-0.2V 











Supply Voltage Vcc(V) 
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HM6289 Series 



Standby Current vs. Input Voltage 



'S 8 

i 

S 6 






3 











Ta=25lC 
ycc=5.0V 
CS=4.8V 
















K 










i 


f 


\ 








/ 




\ 


\ 







Input Voltage Vin(V) 
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HM6789 Series 



Maintenance Only 



16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 



Features 

• Super Fast Access Time: 

• Low Power Dissipation (DC) Operating . . 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Balanced Read and Write Cycle Time 

• Fully TTL Compatible Input and Output 



25/30 ns (max) 
230 mW (typ.) 



Ordering information 






Type No. 


Access Time 


Package 


HM6789P-25 
HM6789P-30 


25ns 
30ns 


300 mil 24 pin 
plastic DIP 


HM6789JP-25 
HM6789JP-30 


25ns 
30ns 


300 mil 24 pin 
Plastic SOJ 



Block Diagram 



A2 0- 
A3 0- 
A4 0- 
A5 0- 
A6 0- 
A7 0- 
A8 0- 






Row 
Decoder 



Memory Matrix 
128X512 



I/OIO- 
I/02O- 
I/03O- 
1/04 O 



_CSO 
WEO- 
UEO 






DaU 
Control 



Column I/O 



Column Decoder 



All A12 A13 A9 AlO AO Al 



cP 



^ 




Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vgs Pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature Range 


I'opr 


to +70 


''C 


Storage Temperature Range under bias 


7ity(bias) 


-10 to +85 


**€ 


Storage Temperature Range 


Tsts 


-55 to +125 


**€ 



HM6789P Series 




(DP-24NC) 



HM6789JP Series 



^ 



(CP-24D) 



Pin Arrangement 









A0(T 

A, [7 

A2|T 


KJ 


24] Vcc 
23|a13 
m| A12 


A3[T 




2i]a11 


A4[? 
A5|T 




20| AlO 
19) A9 


A6[7 




18|nC 


A7[T 




17]l/01 


A8|T 




16] 1/02 


C5(io 




li] 1/03 


OEJlT 




14] 1/04 
13] WE 




(Top View) 
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HM6789 Series - 



Recommended DC Operating Conditions (Ta = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low Voltage 


ViL 


-0.5*' 


- 


0.8 


V 



Note) * 1. -3.0V for pulse width ^ 20ns. 



Function Table 



cs 


OE 


We 


Mode 




Vcc Current 


I/O Pin 


Ref. Cycle 


H 


HorL 


HorL 


Not selected 




'SB. ^SBl 


HighZ 


- 


L 


H 


H 


Output Disabled 


icc icci 


HighZ 


- 


L 


L 


H 


Read 




icc» icci 


1 


Oout 


Read Cycle (1) (2) (3) 


L 


H 


L 


Write 




icc» icci 




Din 


Write Cycle (1) (2) (3) (4) 


L 


L 


L 


icc. icci 




Din 


Write Cycle (5) (6) 


DC and Operating Characteristics 


(Vcc=5V±10%, Ta=0 to +70°C) 










Item 




Symbol 


min 


typ max 


Unit 




Test Conditions 


Input Leakage Current 




UliI 


- 


2 


mA 


Vcc 


= 5.5V,ViN = VsstoVcc 


Output Leakage Current 




HloI 


- 


2 


mA 


CS = 
Vl/0 


V,HorOE = ViHorWE = ViL 
= Vss to Vcc 


Operating Power Supply Current 


Ice 


- 


100 


mA 


CS = 


ViL. Il/O = 0mA 


Average Operating Current 


^CCl 


- 


120 


mA 


Min. 


Cycle,Duty : 100%,Ii/o=0mA 




Power Supply Current 


ISB 


_ 


30 


mA 


CS = 


VlH 


Standby 


ISBl 


- 


10 


mA 


CS^ Vcc -0.2V 

ViN ^ 0.2V or ViN^ Vcc -0.2V 


Output Low Voltage 




Vol 


- 


0.4 


V 


lOL 


= 8mA 


Output High Voltage 




VOH 


2.4 


- 


V 


lOH 


= -4mA 



AC Test Conditions 

• Input pulse levels Vss to 3.0V 

• Input and Output reference levels 1.5 V 

• Input rise and fall time 4 ns 

• Output Load: See Figure 




Dout 

o— 



30pF' 



5pF* 



Output Load B 

itcHZ,twHZ,toHZ 
tcLZf tow, toLz) 



* including 
scope and jig 



136 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 



-HM6789 Series 



Capacitance (Ta = 25°C,/= l.OMHz) 












Item Symbol 


min 


typ 


max 


Unit 


Test Conditions 


Imput Capacitance Cjn 


- 


- 


6 


pF 


ViN = OV 


Input/Output Capacitance Cj/q 


- 


- 


8 


pF 


Vi/o=OV 




Note) This parameter is sampled and not 100% tested. 

AC Characteristics (Vcc=5V±10%, Ta=0 to +70°C, unless otherwise noted.) 
Read Cycle 



Item 


Symbol 


HM6789-25 


HM6789-30 


Unit 


min 


max 


min 


max 


Read Cycle Time 


tRC 


25 


- 


30 


- 


ns 


Address Access Time 


tAA 


- 


25 


- 


30 


ns 


Chip Select Access Time 


tACS 


- 


25 


- 


30 


ns 


Chip Selection to Output in Low Z 


tCLZ*l 





- 





- 


ns 


Output Enable to Output Valid 


tOE 





15 





15 


ns 


Output Enable to Output in Low Z 


tOLZ*l 





- 





- 


ns 


Chip Deselection to Output in High Z 


tCHZ*l 





10 





12 


ns 


Output Hold from Address Change 


tOH 


5 


- 


5 


- 


ns 


Input Voltage Rise/Fall Time 


tT- 


- 


150 


- 


150 


ns 


Write Cycle 


Item 


Symbol - 


HM6789-25 


HM6789-30 


Unit 


min 


max 


min 


max 


Write Cycle Time 


two 


25 


- 


30 


- 


ns 


Chip Selection to End of Write 


tcw 


20 


- 


25 


- 


ns 


Address Setup Time 


tAS 





- 





- 


ns 


Address Valid to End of Write 


tAW 


20 


- 


25 


- 


ns 


Write Pulse Width 


twp 


20 


- 


25 


- 


ns 


Write Recovery Time 


tWR 





- 





- 


ns 


Write to Output in High Z 


tWHZ*l 





10 





12 


ns 


Data Valid to End of Write 


tow 


15 


- 


20 


- 


ns 


Data Hold Time 


tDH 


5 


- 


5 


- 


ns 


Output Disable to Output in Hihg Z 


tOHZ'l 





10 





10 


ns 


Output Active from End of Write 


tow*i 





- 





- 


ns 



Notes) * 1. Transition is measured ±200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
*2. If t J becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi Sales Dept. regarding specification. 
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HM6789H Series - 



Timing Waveform 
ReadCyded)*^ 





h '-^ ^ 


V 

Address yKT 

tAA 




)< 




' 




7 


- \\\\\^ 


\ 


'///// 




m 'o* .u 


/ / 


m *<'" » 












'^ XX^ 


\ 

tACS 


L 


71^77 




^ tcLZ ^ 


<xx - ix>- 


High Impedance 















Read Cycle (2)*^ 


•2, '3 


















Address 
Dout 




_^ Ihc 












\ 


/ 
\ 




) 


/ 

x_ 






'-" 




toH 




'^ 1 








" 




Previovs Data Valid 


7 


bod 


/ 
\ 


Data Valid 


ia 











Read Cycle (3) 





^ 


■^ 


tACS 


7 


I cm 




tcu: 














<xx> 


C Data Valid 


\ 

A 




High Impedance 





















Notes) *1. WE = ViH 

*2. CS= ViL 

*3. OE=ViL _ 

*4. Address valid prior to or coincident with CS transition Low. 
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Write Cyde (1) (OE = H, WE Controlled) 



HM6789 Series 





-■ '"^^ 




\ 

Address y 




1 


( )( 

U-- iSE ^ 


' \WW. 7V7 


XX/X/ 




tAW 


twR 




-m **^ 


- tri.*l 


\ 


txt 


7 




"■ XXXXXXXX) 


( - XXXXX) 


High Impedance 





Write Cyde (2) (OE » H, CS Controlled) 





twc 




\ 

Address i 


\ 

^ tAS ^ ^ tew ^ 


) 


\ 


CS 














« xxxxxxx ■"■■ 7 


VXXXXX/ 


^ tour 


-. ^^ J 


- xxxxxxxx -- 


zyi 


'XXXX> 
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HM6789 Series- 



Write Cycle (3) (OE « Clodced, WE Controlled) 





m ^^^ 








Address j 






1 


i 


x 


--VT^ 


4 *<'*' m. 


__ 


^SX 


\\i //////// 






Iaw ^ 


^ ««. ^ 




•»_ 


~ H « twP*l 


WE 




^ *otz*2 ^ 


/ 


\| H.gh Impedance 






/I 






\ 












High I 
Din 


mpedf 


= — <xx -- 


\/\/\ High Impedance 

AA/ 



Write Cyde (4) (OE » Clocked, CS Controlled) 












Uc 




\ 

Address y 






/ \ 


( 


-- zzz 


//i 


/.. 


\ 


A\\\ 




^ tAS 


lew ^ 






tAW 


/ 




CS 


\ 








1 


twp*l 






" \\\\\\\x 


V////// 




m '"" 


- '" .1 










\/\/\ 


k -'- 1 


"^A/ 




A/\X 


AA 


D , Hi*l,.pri«« 
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Write Cyde (5) (OE = L, WE Controlled) 



-HM6789 Series 





Iwc 








Address H 








/ 
\ 


^ tew 


> 


f 




\ 


; 




^ XXX 


\^ 


V////// 




tAW 




^ **" » 




^tAS^ 


1 twP*l 


w^ 


\ 


/ 


« i^w , 


A/' 






lwHz*2 


High Impedance 


/«-, 1 


\\\\\\\\ 




/ •' \ 


... ;;;;;;;; 




low 


' 




\ A/\ 














High Impedance 


A 


I. 0....... \ 


\ 


♦ 5 High Impedance 


V 






/ 


L7 



Write Cycle (6) (OE = L,CS Controlled) 
















^ *lfC 




Address \ 






/ 
\ 


\ 


< 




\ 

tAW 


^ 




CS 


~\ 










1 twP*l 








-xxw 


^- 


\ 


/ 


V//A// 




JCLZ^ 

/ 




High Impedance 




^ 


S / 




tDW 


^ toM _\ 




High Impedance /\ 

" = (^ 




1 




[ -^- t 


;xxxx> 

















Notes) * 1 . A write occurs during the overlap {t^p) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 

must not be applied. 
*3. Dout is the same phase of write data of th is wri te cycle. 

*4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 
*5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 

the outputs must not be applied to them. 
*6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 

in high impedance state. 
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HIVI6789H Series 



16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 



Features 

• Super Fast Access Time: 

• Low Power Dissipation (DC) Operating . . 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Balanced Read and Write Cycle Time 

• Fully TTL Compatible Input and Output 



15/20ns (max) 
280 mW (typ.) 



Ordering Information 






Type No. 


Access Time 


Package 


HM6789HP-15 
HM6789HP-20 


15ns 
20ns 


300 mil 24 pin 
plastic DIP 


HM6789HJP-15 
HM6789HJP-20 


15ns 
20ns 


300 mil 

24 pm plastic SOJ 



Block Diagram 



ASO- 
A7 0- 
A6 0-- 
A5 0- 
A4 0- 
A3 0- 
A2 0- 






Row 
Decoder 



Memory Matrix 
128X512 



I/OIO- 
I/02O- 
1/03 0- 
1/04 O- 



cso 
wEo 



7^ 



Input 
Data 
Control 



G>lumn I/O 



Column Decoder 



A12 All AlO A9 Al AC A13 



^J 



m^ 



W3^ 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vgs Pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature Range 


1'opr 


to +70 


°c 


Storage Temperature Range under bias 


T'jf^Cbias) 


-10 to +85 


°c 


Storage Temperature Range 


Tstg 


-55 to +125 


"C 



HM6789HP Series 




(DP-24NC) 



HM6789HJP Series 




(CP-24D) 



Pin Arrangement 









A0[T 
Al|T 
A2(T 


yj 


^ Vcc 
23|a13 
22] A12 


A3[T 




21] All 


A4|T 
A5[T 




2o|aio 

19|a9 


A6[T 




li|NC 


A7[T 




itJi/oi 


ASJT 




je] 1/02 


C5[io 




15] 1/03 


oe[iI 

Kss [l2 




14]l/04 
13|WE 




(Top View) 





Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 
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Recommended DC Operating Conditions (Ta = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High Voltage 


ViH 


2.2 


- 


6.0 


V 


Input Low Voltage 


ViL 


-0.5*> 


- 


0.8 


V 



Note) * 1 . -3.0V for pulse width g 10ns. 



-HM6789H Series 




Function Table 












CS 


Oe 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


HorL 


HorL 


Not selected 


'SB. ISBl 


HighZ 


- 


L 


H 


H 


Output Disabled 


Ice. icci 


HighZ 


- 


L 


L 


H 


Read 


Ice icci 


Data Out 


Read Cycled) (2) (3) 


L 


H 


L 


Write 


Ice icci 


Data In 


Write Cycle (1) (2) (3) (4) 


L 


L 


L 


Ice. Icci 


Data Out 


Write Cycle (5) (6) 



DC and Operating Characteristics (Vcc=5V±10%, Ta=0 to +70°C) 

Item Symbol min typ max Unit Test Conditions 

Input Leakage Current UliI - - 2 mA Vcc = 5.5 V, Vjn = Vgs to Vcc 

^^^^^ orUE = ViHorWE = ViL, 

Output Leakage Current HlqI - - 10 /liA Vi/q = Vss to Vcc 

Operating Power Supply Current Ice - - 100 mA CS = Vil, Ii/o = 0mA 

Average Operating Current Icci - - 120 mA Min.Cyclc,Duty: 100%,Ii/o=0mA 

ISB - - 30 mA CS = VlH 

Standby Power Supply Current Cs;^ Vrr - 0.2V 

'^^^ " ~ ^^ ^^ ViN g 0.2V or ViN^ Vcc -0.2V 

Output Low Voltage Vql - - 0.4 V Iql = 8mA 

Output High Voltage Vqh 2A - - V Iqh = -4mA 

AC Test Conditions 

• Input pulse levels Vss to 3.0V 

• Input and Output reference levels 1.5 V 

• Input rise and fall time 4 ns 

• Output Load: See Figure 



Output 
O 



Output 
O 



. 30pF* 



777 
Output Load A 



5pF' 



' including 



Output Load B 

itcMZ, twHZ, toHZ 
tcLZt tow, toLz) 



<^ HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



143 



HM6789H Series- 



Capacitance (Ta = 25°C,/= l.OMHz) 












Item Symbol 


min 


typ 


max 


Unit 


Test Conditions 


Imput Capacitance Cjn 


- 


- 


6 


pF 


ViN = OV 


Input/Output Capacitance Cj/q 


- 


- 


10 


pF 


Vi/o=OV 



Note) This parameter is sampled and not 100% tested. 

AC Characteristics (Vcc=5V±10%, Ta=0 to +70°C, unless otherwise noted.) 
Read Cycle 



Item 


Symbol - 


HM6789H-15 


HM6789H-20 


Unit 


min 


max 


min 


max 


Read Cycle Time 


^RC 


15 


- 


20 


- 


ns 


Address Access Time 


tAA 


- 


15 


- 


20 


ns 


Chip Select Access Time 


Ucs 


- 


15 


- 


20 


ns 


Chip Selection to Output in Low Z 


tCLZ*l 


3 


- 


3 


- 


ns 


Output Enable to Output Valid 


tOE 





12 





12 


ns 


Output Enable to Output in Low Z 


tOLZ*l 


3 


- 


3 


- 


ns 


Chip Deselection to Output in High Z 


tCHZ*l 





6 





8 


ns 


Output Hold from Address Change 


tOH 


3 


- 


3 


- 


ns 


Write Cycle 


Item 


Symbol - 


HM6789H-15 


HM6789H-20 


Unit 


min 


max 


min 


max 


Write Cycle Time 


twc 


15 


- 


20 


- 


ns 


Chip Selection to End of Write 


tcw 


10 


- 


15 


- 


ns 


Address Setup Time 


tAS 





- 





- 


ns 


Address Valid to End of Write 


tAW 


10 


- 


15 


- 


ns 


Write Pulse Width 


twp 


10 


- 


15 


- 


ns 


Write Recovery Time 


tWR 


1 


- 


1 


- 


ns 


Write to Output in High Z 


tWHZ*l 





6 





8 


ns 


Data Valid to -End of Write 


^DW 


9 


- 


10 


- 


ns 


Data Hold Time 


tDH 





- 





- 


ns 


Output Disable to Output in High Z 


tOHZ'l 





6 





8 


ns 


Output Active from End of Write 


tow*i 





- 





- 


ns 



Note) *1. Transition is measured ±200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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-HIVI6789H Series 



Timing Waveform 
Read Cycled)*^ 





1 '^ ^ 


Address ^^ 


' 


>( 




" 




1/ 


- WWW 


///// 




'0* 




« '"" -I 
















. ^ 


\ 


m '"" m 




furrr? 




^ tACS 






u 


toHZ 
tcHZ 




— 


4 *"' m 


(XX - txy 


""'"O"' H«hlmp«l»» 















ReaeiCycla(2)*i'*2/3 




















^ t|.C 












Address ) 


(~ 




X 






tAA 




ton 




^ ioH 








"• 




Data Out Previous Data Valid -^ 


boo 


/ 
\ 


Dato Valid 


XX 





Read Cycle (3) *^'*3*^ 



cs 

Data Out — 




tRC 1 / 


\ 


■^ 




7 


^ 


tACS _ 






ICK , 




4 '^" • 


(XX) 














/ 


DaU Valid : 


High Impedance 


\ 




/ 





Notes) *1. WE = ViH 

*3. OE'ViL 

*4. Address valid prior to or coincident with CS transition Low. 
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HM6789H Series - 



Writ* Cyd* (1) (OE = H, WE Controlled) 



Address 



CS 



WE 



)( 



)( 



\Xi 



f 



Data 



- xxyxxxxx) r 



mxx^ 



Data Out 



High 



Writt Cycle (2) (OE » H, CS Controlled) 



Address 



CS 



WE 



)( 



)( 



1 



/ 



\ 



Data In 



Data Out 



XXXXXXM 



/ 



i^m. 



High Impedance 
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-HM6789H Series 



Write Cyd* (3) (OE = Clocked, WE Controlled) 





,4 u^ 




1 




Address j(- 


V 

A 








. y// 


'/ 


l_ tew 


\ 


A\\\ 








-\\\ 


\\i' 


//////// 






tAW 


m '•"• m 








■" 1 twp*l 






WE 


^ t0HZ*2 


A 


/ 


I 


^ t0LZ*2 ^ 




\ 


High Impedance 




/ 






-m '"* m- 


m *"'' m 


h 


High Impedance 










Impedance 


/y\ 


/ 




\/\u^ 


Data In 






Vv 


\ 




AAA^ 





Write Cycle (4) (OE = Clocked, CS Controlled) 





^ twc 






Address H 






( ) 


( 


O-B /// 


//} 


^ tew 


\ 


.WW 




m ''•^ 


CS 


\ 


tAW 


I 

twR 






|_ twp*l 






- \\\\\\\^ 


1////// 


^ '"* 


^ tpH ^1 


n-itn Tn . A/ Y \/ nm,. ir,.i.,i 


^XX — 




D^UOut H«h Impedance 
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HM6789H Series - 



Write Cycle (5) (OE = L, WE Controlled) 





twc 








Address ^ 








/ 
\ 


^ tew 


) 


I 

\ 




\ 


/ 




- \XX 


\^ 


^// 


///// 




tAW 




^ '^ ^ 




-''^i* 


1 twP*l 


w 


\ 


I 


km 






A^ 






twHZ*2. 


High Impedance 


tnw 1 


DLoc ^^^^^^^^ 




( '^ \ 


D.uoa ;;;;;;;; 




tow 


^toH 




\ / 


vv 


High Impedance /\ 












/ 


... MA 


4t 5 High Impedance 










V 




/ 


J 



Write Cyde (6) (OE « L, CS Controlled) 





^ '•'c 




Address j 






/ 
\ 


\ 


< 




Iaw 


_^ 




CS 


"^ 










1 IWP*\ 






.\XXV 


^ 


\ 


/ 


V////// 




tcLZ 

/ 




High Impedance 






s / 




-« '"»' 


^ ton 1 




High Impedance / \ 

Data In -— { \ 




1 




( "-^"^ ^ 


;xxxx> 

















Notes)* 1. A write occurs during the overlap (ty^p) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 

must not be applied. 
* 3. Data Out is the same phase of write data of this write cycle. 

*4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 
*5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 

the outputs must not be applied to them. 
*6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 

in high impedance state. 
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HM6789HA Series 

16384-Word x 4-Bit High Speed Static RAM (with OE) 

■ FEATURES 

• Super Fast 

Access Time Add. 12/15/20ns (max.) 

OE 6/7/8ns (max.) 

• Low Power Dissipation 

(DC) Operating 300mW (typ.) 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Fully TTL Compatible Input and Output 

■ ORDERING INFORMATION 



— Preliminary 



Type No. 


Access Time 


Package 


HM6789HAP-12 
HM6789HAP-15 
HM6789HAP-20 


12ns 
15ns 
20ns 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


HM6789HAJP-12 
HM6789HAJP-15 
HM6789HAJP-20 


12ns 
15ns 
20ns 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 



BLOCK DIAGRAM 




I/Oio 
1/02 O 



l/OaO- 
I/04 — t 




(DP-24NC) 



^ 



(CP-24D) 




PIN ARRANGEMENT 











AoC 


1 


24 


Hvcc 


Aid 


2 


23 


I]A13 


A2 


3 


22 


H Ai2 


A3C 


4 


21 


I|Aii 


A4C 


5 


20 


HAio 


AsE 


6 


19 


I]A9 


AeC 


7 


18 


Dnc 


A7C 


8 


17 


I]l/Oi 


AeC 


9 


16 


III/O2 


CSC 


10 


15 


III/O3 


OEE 


11 


14 


II1/O4 


VssC 


12 


13 


HWE 




(Top View) 
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HM6789HA Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature Range 


Topr 


Oto +70 


°c 


Storage Temperature Range (with bias) 


1 stg(bias) 


-10 to +85 


°c 


Storage Temperature Range 


Tstg 


-55 to +125 


°c 



■ RECOMMENDED DC OPERATING CONDITIONS (0°C < 


\ < 70°C) 








Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High Voltage 


VlH 


2.2 


— 


6.0 


V 


Input Low Voltage 


ViL* 


-3.0 


— 


0.8 


V 



*Pulse width < 10ns, DC: -0.5V 



TRUTH TABLE 



cs 


Ol 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


HorL 


HorL 


Not Selected 


IsB» IsBi 


HighZ 


— 


L 


H 


H 


Output Disabled 


Icc» Icci 


HighZ 


— 


L 


L 


H 


Read 


Icc» Icci 


Data Out 


Read Cycle (1) (2) (3) 


L 


H 


L 


Write 


IcC' Icci 


Data In 


Write Cycle (1) (2) (3) (4) 


L 


L 


L 


Ice Icci 


Data In 


Write Cycle (5) (6) 



DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, T^ = 0°C to 70°C, Vss = OV) 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


UliI 


Vcc = 5.5V, ViN = Vss to Vcc 


— 


— 


2 


HA 


Output Leakage Current 


HloI 


CS = ViH or OE = ViH, WE = Vjl 
Vi/o = Vss to Vcc 


- 


- 


10 


HA 


Operating Power Supply Current 


Ice 


CS = ViL, Ii/o, = 0mA 


— 


— 


100 


mA 


Average Operating Current 


Icci 


Min. Cycle, Duty: 100%, Ij/q = 0mA 


— 


— 


120 


mA 




ISB 


CS = ViH 


— 


— 


30 


mA 


Standby Power Supply Current 


IsBl 


CS > Vcc - 0.2V 

ViN < 0.2V or ViN > Vcc - 0.2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


loL = 8mA 


— 


— 


0.4 


V 


Output High Voltage 


VoH 


loH = -4mA 


2.4 


— 


— 


V 



AC TEST CONDITIONS 

' Input Pulse Levels: Vss to 3.0V 
' Input and Output Reference Levels: 1.5V 
± 200mV from steady level (Output Load B) 



' Input Rise and Fall Time: 4ns 
' Output Load: See Figure 



Dout 



+5V 
480fi 



255fl 



5fl 1_ 



Dout 



30 pF* 



2550 



/77 

Output Load A 



^ 



+5V 
480n 

5pF* 



Output Load B 
(for tcHz> tcLZ> toHZ> tpLZ^ %z ^ ^o\d 



♦Including scope and jig capacitance. 
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I TIMING WAVEFORM 
Read Cycle (1)0) 



Address 



tRC 



><: 



tAA 



5i wwww^ww^ r^ 



5s x\\\\\\\^ \ 



tOE 



tOLZ 

•< ^ 



tACS 



tCLZ 



Data Out 



High Impedance 



m(. 



HM6789HA Series 



>c 




/F ////////A 



z 



tOH 



^^^ 



tpHZ 



tCHZ 



Data Valid 



mh 



Read Cycle (2)0) (2) (3) 



Address 



tRC 



>c 



tAA 



tOH 



Data Out Previous Data Valid 



EEX^ 



>C 



^ tpH 



Data Valid 



XX 



•Read Cycle (3)0) (3) (4) 

cs 



K 



tRC 



tACS 



tCLZ 



Data Out 



High Impedance 



KEXX 



y 



< '^"z > 



Data Valid 



:^ 



NOTES: l.WE = ViH 

2. CS = ViL 

3. OE = ViL 

4. Address valid prior to or coincident with CS transition low. 
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HM6789HA Series 



■ CAPACITANCE (T^ = 25° 


C, f = l.OMHz) 










Item 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


CiN 


ViN = ov 


— 


— 


6 


pF 


Input/Output Capacitance 


Ci/O 


Vi/o = OV 


— 


— 


10 


pF 



NOTE: This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0°C to 70°C, unless otherwise noted.) 
• Read Cycle 



Item 


Symbol 


HM6789HA-12 


HM6789HA-15 


HM6789HA-20 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


12 


— 


15 


— 


20 


— 


ns 


— 


Address Access Time 


tAA 


— 


12 


— 


15 


— 


20 


ns 


~ 


Chip Select Access Time 


Ucs 


— 


12 


— 


15 


— 


20 


ns 


— 


Chip Selection to Output in Low Z 


tCLZ 


3 


— 


5 


— 


5 


— 


ns 


1,2 


Output Enable to Output Valid 


tOE 





6 





7 





8 


ns 


1 


Output Enable to Output in Low Z 


tOLZ 


2 


— 


2 


— 


2 


— 


ns 


1,2 


Chip Deselection to Output in High Z 


tCHZ 





6 





6 





8 


ns 


1,2 


Output Hold from Address Change 


tOH 


4 


— 


4 


— 


4 


— 


ns 


— 


• Write Cycle 


Item 


Symbol 


HM678 


9HA-12 


HM6789HA-15 


HM6789HA-20 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


12 


— 


15 


— 


20 


— 


ns 


— 


Chip Selection to End of Write 


tew 


8 


— 


10 


— 


15 


— 


ns 


— 


Address Setup Time 


tAS 





— 





— 





— 


ns 


— 


Address Valid to End of Write 


Uw 


8 


— 


10 


— 


15 


— 


ns 


— 


Write Pulse Width 


twp 


8 


— 


10 


— 


15 


— 


ns 


— 


Write Recovery Time 


tWR 





— 





— 





— 


ns 


— 


Write to Output in High Z 


tWHZ 





6 





6 





8 


ns 


1,2 


Data Valid to End of Write 


tDW 


6 


— 


7 


— 


10 


— 


ns 


— 


Data Hold Time 


toH 





— 





— 





— 


ns 


— 


Output Disable to Output in High Z 


tOHZ 


1 


6 


1 


6 


1 


8 


ns 


1,2 


Output Active from End of Write 


tow 


3 


— 


3 


— 


3 


— 


ns 


1,2 



NOTES: 1. Transition is measured ±200mV from steady state voltage with Load B. 
2. This parameter is sampled and not 100% tested. 
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HM6789HA Series 



• Write Cycle (1) (OE = H, WE Controlled) 



Address 



twc 



>c 



cs n\\\\\\\\\\\^ v 



tew 



//////////////A 



tAW 



tAS 



WE 



Data In 



Data Out 



^^ 



tWP(1) 



nmmmwm ^ 



tpw 



X 




^ twR 



^^ 



*iEH* 



Data Valid 



mymrn^ 



High Impedance 



• Write Cycle (2) (OE = H, CS Controlled) 



Address 



CS 



>c 



twc 



>c 



tAS 



tew 



K 



y 



tAW 



"-^ x\\\\\\\\\\\\\\\^ 



tWP(1) 



tpw 



tWR 



y/////////////y 



4EtLH 



°«a.n WltttittmitT^ Da.a valid %WMW^ 

High Impedance 
Data Out 
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HM6789HA Series 



Write Cycle (3) (OE = Clocked. WE Controlled) 



Address 




5i V////////// 



^ n\\\\\\\\\\\^ 



WE 



Data Out 



Data In 



tew 



\\\\\\\\\\\^ 



tAW 



z y/////////////. 



lAS, 



^^ 



tWP(1) 



JOHZ^ 



y 



High Impedance 



High Impedance 



-<s 



tpw 



< 'WR ^ 



;^ 



tOLZ(2j 
-*« ^ 



k: 



<'DH> 



m 



High Impedance 



Write Cycle (4) (OE = Clocked, CS Controlled) 



Address 



OE 



twc 



>c 



V///////////^ ^ 



CS 



tAS 



tew 



K 



tAW 



>C 



Si WW^^WWW^ 



tWP(1) 



.^ 



tWR , 



X k\\\\\\\\\^ 



Data In 



Data Out 



xs 



tpw 



y////////////A 



.^tDH^ 



Data Valid 



MK 



High Impedance 



HITACHI 

1 54 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM6789HA Series 



• Write Cycle (5) (OE = L, WE Controlled) 



Address 



iwc_ 



X 



5s xWWWWW^ . 



tAS 



tew 



///////////////. 



tAW 



WE 



^1 



tWP (1) 



tWHZ (2) 

■< ► 



Dataou, »»»»»»»>-^ 



High Impedance 



Data In 



High Impedance 



^ 



tow 




>c 



^JWR^ 



^ tow 



tOH 



tpH 



kZK>Km 



Data Valid 



^ 



(5) High Impedance 
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HM6789HA Series 



• Write Cycle (6) (OE = L, CS Controlled) 



Address 
CS 



X 



tAS 

"< — ^ 



^C 



wi x\\\\\\\\\\\^ ^r 



tCLZ 



Data Out 



Data In 



^wc 



tew 



tAW 



twp (1) 



><: 



y 



tWHZ 



fcl^ 



High Impedance 



High Impedance 



<i 



tow 



<^WR^ 



' //////////////, 



tOH 



Data Valid 



WW.W.) 



NOTES: 1 . A write occurs during the overlap (twp) of a low CS and a low WE. 

2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

3. Dout IS the same phase of write data of this write cycle. 

4. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 
high impedance state. 
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HIVI6287 Series 



65536-word x 1-bit High Speed CMOS Static RAM 



FEATURES 

High Speed: Fast Access Time 45/55/70ns (max.) 

Single 5V Supply and High Density 22 Pin Package 

Low Power Standby and Low Power Operation 

Standby: IOO/liW (typ.)/10MW (typ.) (L-version) 

Operation: 300mW (typ.) 

Completely Static Memory 

No Clock or Timing Strobe Required 

Equal Access and Cycle Times 

Directly TTL Compatible: All Inputs and Output 

Capability of Battery Back Up Operation (L-version) 



ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM6287P-45 
HM6287P-55 
HM6287P-70 


45ns 
55ns 
70ns 


300 mil 22 pin 


HM6287LP-45 
HM6287LP-55 
HM6287LP-70 


45 ns 
55ns 
70ns 


Plastic DIP 



BLOCK DIAGRAM 



* U 



*■• — te 



cs--{>>- 



wr-t>— I 



128 X 512 



-Vcc 
-Vss 



's; 



Column Dccodei 



A> Ai A, A. A. A. A. A. A,. 



Maintenance Only 




PIN ARRANGEMENT 




(Top View) 



NOTE: Not for new designs. 
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HM6287 Series - 



■ TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Dout Pin 


Rcf. Cycle 


H 


X 


Not Selected 


hBJsBl 


HighZ 


- 


L 


H 


Read 


^CC 


Dout 


Read Cycle 


L 


L 


Write 


he 


HighZ 


Write Cycle 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vgs 


Vt 


-0.5*1 to +7 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


'opr 


to +70 


°C 


Storage Temperature 


Tste 


-55 to +125 


''C 


Temperature Under Bias 


Tbias 


-10 to +85 


°C 



Note) *1. -3.5V for pulse width ^ 20ns 



RECOMMENDED DC OPERATING CONDITIONS {Ta = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 




ViH 


2.2 


- 


6.0 


V 


Input Voltage 


ViL 


-0.5*1 


- 


0.8 


V 



Note) * 1 . -3 .OV for pulse width ^ 20ns 

■ DC AND OPERATING CHARACTERISTICS (Fee = 5V± 10%, K^^ = 0V, Ta =0 to +70°C) 



Item 


Symbol 


Test Conditions 


min 


typ*i 


max 


Unit 


Input Leakage Current 


I/l/I 


Fee = 5.5V, K/„=F55 to Fee 


- 


- 


2.0 


mA 


Output Leakage Current 


\Ilo\ 


Q^-VjH.Vout-Vss^oVcc 


- 


- 


2.0 


mA 


Operating Power Supply Current 


Jcc 


CS = VjL, lout = 0"^A, min. cycle 


- 


60 


100 


mA 




^SB 


CS = VjH, min. cycle 


- 


10 


30 


mA 


Standby Power Supply Current 


JSBl 


cs^Fee-o.2V, 

OV ^ Vin S 0.2V or Fee " 0-2V S F,-„ 




0.02 


2.0 


mA 




- 


2*2 


100*2 


mA 


Output Voltage 


Vol 


Iqi = 8mA 


- 


- 


0.4 


V 


VOH 


/o//= -4.0mA 


2.4 


- 


- 


V 



Notes) *1. Typical limits are at Vcc = SOV, Ta = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 



■ CAPACITANCE (/=lMHz,r« = 25°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Capacitance 


Cin 


Vin=OW 


- 


- 


5 


pF 


Output Capacitance 


^out 


Vout = OV 


- 


- 


7.5 


pF 



Note) This parameter is sampled and not 100% tested. 
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-HM6287 Series 



■ AC CHARACTERISTICS (Kcc = 5V ±10%, T^ = to +70°C, unless otherwise noted) 
• AC TEST CONDITIONS 

Input Pulse Levels: ^55 to 3.0V 

Input Rise and Fall Times: 5ns 

Input and Output Timing Reference Levels: 1 .5V 

Output Load: See Figure 




Output Load A 



Output Load B 



±l30pF 



5V 

'^ — i • 



# Including scope & jig capacitance 



4( Including scope & jtg capacit 



• READ CYCLE 



Item 


Symbol 


HM6287-45 


HM6287-55 


HM6287-70 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


fRC 


45 


- 


55 


- 


70 


- 


ns 


1 


Address Access Time 


tAA 


- 


45 


- 


55 


- 


70 


ns 




Chip Select Access Time 


UCS 


- 


45 


- 


55 


- 


70 


ns 




Output Hold from Address Change 


tOH 


5 


- 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


5 


- 


ns 


2,3.7 


Chip Deselection to Output in High t 


WZ 





30 





30 





30 


ns 


2.3,7 


Chip Selection to Power Up Time 


tpu 





- 





- 





- 


ns 


7 


Chip Deselection to Power Down Time 


tPD 


- 


40 


- 


40 


- 


40 


ns 


7 



Timing Waveform of Read Cycle No. 1 ^*^^^^ 



3C 



3C 



Previous Data Valid j^ V V \f Data Valid 

• Timing Waveform of Read Cycle No. 2^"*^^^^ 



Id 



\ 



Ice 



J 



High Impedance 



CKXaI^!!^ 



Vcc supply 
current . 



-^ 



High 



50'^ 



50% 



I SB 



\ 



Notes: 



1 . All Read Cycle timings are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, tnz max. is less than tj^z "^in- both for a given device 
and from device to device. 

3. Transition is measured ±500 mV from steady state voltage with specified loading m Load B. 

4. WE is high for READ Cycle. 

5. Device is continuously selected, while CS = F//^. 

6. Address valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
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HM6287 Series 

• WRITE CYCLE 


Item 


Symbol 


HM6 287-45 


HM6287-55 


HM6287.70 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


45 


- 


55 


- 


70 


- 


ns 


2 


Chip Selection to End of Write 


tew 


40 


- 


50 


- 


55 


- 


ns 




Address Valid to End of Write 


tAW 


40 


- 


50 


- 


55 


- 


ns 




Address Setup Time 


tAS 










- 





- 


ns 




Write Pulse Width 


tWP 


25 




35 


- 


40 


~ 


ns 




Write Recovery Time 


tWR 





- 





- 





- 


ns 




Data Valid to End of Write 


tDW 


25 


- 


25 


- 


30 


, 


ns 




Data Hold Time 


tDH 





- 





- 







ns 




Write Enabled to Output in High Z 


twz 





25 





25 





30 


ns 


3,4 


Output Active from End of Write 


tow 





- 





- 





- 


ns 


3,4 



• Timing Waveform of Write Cycle No. 1 (WE Controlled) 



Address \f 



\. 



WE 
Dm 

Dout 



Tffi: 



T 



)(Data in Valid] 



£ 



Data Undefined 



3 



\^ 



High Impedance 



> Timing Waveform of Write Cycle No. 1 (CS Controlled) 



Z)( 



CS 

WE 

Din 
Dout 



^^ 



3^ 



Jl. 



^C 



\ Data in Valid % 



< 



Data Undefined 



High Impedance 



Notes) 1. If CS goes high Simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6287 Series 



LOW Vcc DATA RETENTION CHARACTERISTICS (7^ = to +70°C) 

This characteristics is guaranteed only for L-version. 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Vcc ^^^ ^^^^ Retention 


Vdr 


Virr> Fa:~o.2v or 

OV <"Fm < 0.2V 


2.0 


- 


- 


V 


Data Retention Current 


^CCDR 


- 


1 


50*2 


mA 


Chip Deselect to Data Retention Time 


tCDR 


See retention wave- 
form 





- 


- 


ns 


Operation Recovery Time 


tR 


tRc"' 


- 


- 


ns 



Note) * 1 . tRc = Read Cycle Time 
*2. Kcc= 3.0V 

• LOW Vcc DATA RETENTION WAVEFORM 










Data Retention Mode 










\ 


I 




tCDH 


k /^ 


(« 












22V -J 


f \ I ! 




Vdr /- 


[--_-_ 


\ 


/ 




\ 


\-i 


' 


\ 


/ 




CSS Vcc -0 2V 


\ 


OV 


. 





SUPPLY CURRENT vs. SUPPLY VOLTAGE 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE 









Ta =25'C 














^^ 


^^ 

































V'cc =5.0V 
























^ 



















4.75 5.0 5.25 

Supply Voltage Wcc (V) 



20 40 60 

Ambient Temperature Ta (*C) 
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HM6287 Series - 



ACCESS TIME vs. SUPPLY VOLTAGE 



ACCESS TIME vs. AMBIENT TEMPERATURE 



8 

^ 1.0 
5 









ra-25-C 
























~ 



















4.75 5.0 5.25 

Supply Voltage Vcc (V) 



1 " 



10 



I 0.9 

S 
JJ 0.8 









I'cc'S.OV 








/ 




^ 































20 40 60 80 

Ambient Temperature Ta (°C) 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 









/ 








/ 






J 






^ 


/ 








Ta 
CS 


-25°C 
-Vcc -0.2 V 


-^ 













r- 


Vcc=3Y 
CS-2.8V 




^ 


-^ 


^ 


^ 









3 4 5 

Supply Voltage Vcc (V) 



Ambient Temperature Ta ( °C ) 



SUPPLY CURRENT vs. 
FREQUENCY 



STANDBY CURRENT vs. 
INPUT VOLTAGE 














Ta = 

Vcc 

cs= 


25-C 
=5.0V 
-4.8V 




















\ 


V 














\ 










J 






\ 


.^ 





Input VolUge V//v (V) 
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HM6287 Series 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 









Ta=2S'C 
















^^ 


^^ 


— ^ 























4.75 5 5.25 

Supply Voltoge Vcc (V) 



> 

-§ 0.9 

I 

"" 0.8 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 









ra=25-C 














^^ 


-^^ 




























4.75 5.0 5.25 

Supply Voltage Vcc (V) 



OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 



OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 



6 

I 1.C 



\ 






To =25*C 
Vcc=SW 


\ 








> 


\, 








\ 








\ 








\ 







12 3 4 

Output High Voltage Vqh (V) 



►3 0.8 







/ 








/ 








/ 






/ 




ra=25'C 
Vcc=5V 




/ 








/ 







0.2 0.4 0.6 

Output Low Voltage Vol (V ) 
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HM6287H Series 

65536-Word x l-Bit High Speed CMOS Static RAIVI 



The Hitachi HM6287H is a high speed 64K static RAM organized 
as 64-kword x 1 -bit. It realizes high speed access time (25/35 ns) and 
low power consunnption, employing CMOS process technology and 
high speed circuit designing technology. It is most advantageous for 
the field where high speed and high density memory is required, 
such as the cache memory for main frame or 32-bit MPU. The 
HM6287H packaged in a 300-mil plastic DIP and SOJ, is available 
for high density mounting. 

Low power version retains the data with battery back up. 



Features 

• Single 5 V supply and high density 22-pin DIP and 24-pin SOJ 

• High speed: Fast access time 25/35 ns (max) 

• Low power 

Operation: 300 mW (typ) 
Standby: 100M.W(typ) 

• Completely static memory 

No clock or timing strobe required 

• Equal access and cycle times 

• Directly TTL compatible: All inputs and outputs 



HM6287HP Series 



H^ 



(DP-22NfB) 



HM6287HJP Series 



^ 



(CP-24D) 



Pin Arrangement 

HM6287HP Series 



Pin Description 




HM6287HJP Series 



(Top View) 



AOc 

Ain 
A2n 

A3c 

A4C 

A5C 

NCC 

A6C 

A7C 
DoutC 
WEC 11 
VssCl2 



24iVcc 
23dA15 
223AI4 
21 3AI3 
2O3AI2 
19DNC 
I8I1AII 
173A10 
16 3A9 
15=1 A8 
14 3Din 
13^08 



(Top View) 



Pin Name 


Function 


A0-A15 


Address 


Din 


Input 


Dout 


Output 


CS 


Chip select 


WE 


Write enable 


Vcc 


Power supply 


Vss 


Ground 



Ordering Information 






Type No. 


Access Time 


Package 


HM6287HP-25 
HM6287HP-35 


25 ns 
35 ns 


300-mil 
22-pin 


HM6287HLP-25 
HM6287HLP-35 


25 ns 
35 ns 


plastic DIP 
(DP-22NB) 


HM6287HJP-25 
HM6287HJP-35 


25 ns 
35 ns 


300-mil 


HM6287HLJP-25 
HM6287HLJP-35 


25 ns 
35 ns 


24-pm 5UJ 
(CP-24D) 
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Block diagram 



A1 



AO \X 

A2 fe 

A3 \JF ^ , 

K>- Decoder 



Dm h^ 

cs-O p-« 

WE-O— I 



Memory Array 
128X512 



Column I/O 



Column Decoder 



HM6287H Series 



-Vcc 



A7 A8 A9 A10 All A12 A13 A14 A15 



£> Dout 




Function Table 










CS WE 


Mode 


Vcc Current 


Dout Pin 


Ref. Cycle 


H X 


Standby 


ISB, ISBl 


High-Z 


— 


L H 


Read 


Ice 


Dout 


Read cycle 1,2 


L L 


Write 


Ice 


High-Z 


Write cycle 1, 2 



Note: x: H or L 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


Vt 


-0.5*^ to +7.0 


V 


Power dissipation 


Pt 


1.0 


w 


Operating temperature 


Topr 


to +70 


^c 


Storage temperature 


Tstg 


-55 to +125 


°c 


Storage temperature under bias 


Tbias 


-10 to +85 


°c 



Note: * 1 . Vt min = -2.0 V for pulse width < 10 ns 



Recommended DC Operating Conditions (Ta = to + 70'^C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input high (logic 1 ) voltage 


Vm 


2.2 


— 


6.0 


V 


Input low (logic 0) voltage 


ViL 


-0.5*^ 


— 


0.8 


V 



Note: * 1. Ve. min = -2.0 V for pulse width < 10 ns 
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HM6287H Series 



DC Characteristics ( Ta 


= to +70X, Vcc = 


= 5 V ± 10%, 


Vss 


= 0V) 






Item 


Symbol 


Min 


Typ*» 




Max 


Unit 


Test Conditions 


Input leakage current 


IIliI 


— 


— 




2.0 


^A 


Vcc = Max 

Vin = Vss to Vcc 


Output leakage current 


IIloI 


— 


— 




2.0 


^lA 


CS = Vni 

Vi/o = Vss to Vcc 


Operating Vcc current 


Ice 


— 


60 




120 


mA 


CS = ViL 

lout = mA, min cycle 


Standby Vcc current 


ISB 


— 


15 




30 


mA 


CS = Vol, min cycle 



0.02 



2.0 



mA 



Standby Vcc current (1 ) Isbi 



0.02*' 



o.r^ 



mA 



Output low voltage 



Vol 



0.4 



Output high voltage 



VOH 



2.4 






CS> Vcc -0.2 V 
V < Vin < 0.2V or 
Vcc^-a2V<Vin 
loL = 8 mA 



Ion = -A.O mA 



Notes: *1. Typical limits are at Vcc = 5.0 V, Ta = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 



Capacitance ( Ta = 25^C, f = i .0 MHz )*• 

Min 



Item 
Input capacitance 



Symbol 
Cin 



Typ 



Max 
6 ' 



Unit 
pF 



Test Conditions 
™Viir= V ~ 



Output capacitance 



Cout 



pF 



Vout = V 



Note: *1. This parameter is sampled and not 100% tested. 



AC CliaracteristiCS ( Ta = to +70°C, Vcc = 5 V ± 10%, unless otherwise noted. ) 
Test Conditions 

• Input pulse levels: Vss to 3.0V • Input and Output timing reference levels: 1 .5 V 

• Input rise and fall times: 5 ns • Output load: See figures 



Output Load (A) 

: 480Q 



Output Lxiad (B) (for tiiz, li,z, Iwz & low) 



Note: Including scope & jig 
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HM6287H Series 



Read Cycle 



Item 




Symbol 


HM6287H-25 
Min Max 


HM6287H-35 
Min Max 


Unit 


Read cycle time 




tRC 


25 


— 


35 


— 


ns 


Address access time 




tAA 


— 


25 


— 


35 


ns 


Chip select access time 




Ucs 


— 


25 


— 


35 


ns 


Output hold from address change 


tOH 


3 


— 


5 


— 


ns 


Chip selection to output in 


low-Z 


tLZ*> 


5 


— 


5 


— 


ns 


Chip deselection to output 


in high-Z 


IHZ*' 





12 





20 


ns 


Chip selection to power up 


time 


tPU 





__ 





— 


ns 


Chip deselection to power 


down time 


tPD 


— 


25 


— 


30 


ns 




Read Timing Waveform (1) '^ '^ *^ 




















tec 








■• ^ 


\ 

Address 

/ 


( 














U>H 






, , 




•^^ oiu'vtiia ) 


^X 


X) 


\ Dai. Valid 


^(XX 



Read Timing Wavefomi (2)*^ 



^ 



\ 



y 



High In^edance 



<xxx 



Vcc Supply Current — - 



Jt 



'«h 
Impedance 



f 



V 



Notes: *1. Tran sition is measured ±200 mV from steady state voltage with Lx)ad (B). This parameter is sampled and not 100 % tested. 
*2. WE is high for read cycle. 
*3. Device is continuously selected, CS = Vel. 
*4. Address valid prior to or coincident with CS transition low, 
*5. All read cycle timing are referenced from last valid address to the first transitioning address. 



Hitachi America, Ltd. 
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HM6287H Series 



Write Cycle 



Item 


Symbol 


HM6287H-25 


HM6287H-35 


Unit 


Min 


Max 


Min 


Max 


Write cycle time 


twc 


25 


— 


35 


— 


ns 


Chip selection to end of write 


tew 


20 


— 


30 


— 


ns 


Address valid to end of write 


tAW 


20 


— 


30 


— 


ns 


Address setup time 


tAS 





— 





— 


ns 


Write pulse width 


tWP 


20 


— 


30 


— 


ns 


Write recovery time 


tWR 





— 





— 


ns 


Data valid to end of write 


tDW 


15 


— 


20 


, — 


ns 


Data hold time 


tDH 





— 





— 


ns 


Write enabled to output in high-Z 


twz*^ 





8 





10 


ns 


Output active from end of write 


tow*^ 


5 


— 


5 


— 


ns 



Write Timing Waveform (1) (WE controlled) 



)C 



cs 



.r 



^^L 



Dm 



Dout 



SXXXXXE^XEXXX 



Data m 
Valid 



twz 



((((((((((( ^ 



3€ 



3^ 



toH 



High Impedance 



)K?^:xxxxx> 



K3Xfc 
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HM6287H Series 



Write Timing Waveform (2) (CS Controlled) 



3( 



CS 



WE 



^C 



\. 



tew 



Y 



xxxxxxxxxxxx> r 



4 ^S 

IWR 



>r 



y///////// 



Data in Valid 



^xxyxxx 



Dout 



High Impedance*' 




Notes: *1. Transition is measured ±200 mV from steady state volta ge wi th Load (B). This parameter is sampled and not 100% tested. 
*2. A write occurs during the overlap of a lo w CS and a low WE. (twp) 

*3. twR isjmeasured from the earlier of CS or WE going high t o the end of write cycle. 

*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 

in a high impedance state. 
*5. Dout is the same phase of write data of this write cycle, if twR is long enough. 



Low Vcc Data Retention Characteristics ( Ta = to +70*'C ) 
(This specification is guaranteed only for L-version.) 



Item Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Vcc for data retention Vdr 


2.0 


— 


— 


V 


r?> Vcc- 0.2 V 


Data retention current Iccdr 


— 


— 




^A 


Vin>Vcc-0.2Vor 
0V<Vin<0.2V 


Chip deselect to data retention time tcoR 





— 


— 


ns 


- See retention waveform 


Operation recovery time tR 


tRC'l 


— 


— 


ns 



Notes: *1. tac = Read cycle time 
*2. Vcc = 3.0 V 
*3. Vcc = 2.0 V 



Low Vcc Data Retention Timing Waveform 



CS 



4.5V 




OV 



Data Retention Mode 



CS^Vdr-0.2V 
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HM6287H Series 



Supply Current vs. Supply Voltage 



Supply Current vs. Ambient Temperature 



1.6 
% 1.4 



i 



1.2 



I 

g 08 



I 0.6 

04 









Ta=25'C 
















--^ 




-^ 























4.75 5.0 5.25 

Supply Voltage Vcc (V) 



1.6 

I" 

►§ 1.0 

I 

5 0.8 

6 06 
0.4 









Vcc = 5.0V 

























■ 



















20 40 60 

Ambient Temperature Ta (°C) 



Access Time vs. Supply Voltage 



o 



< 
S 



« 09 



07 









Ta = 25t 










^-_ 















-— ~ 















4 5 4 75 5 5 25 5 5 

Supply Voltage Vcc (V) 



Access Time vs. Load Capacitance 



1 6 



i 






o 0.8 



0.6 



50 100 150 200 

Lx)ad Capacitance Cl (pF) 



Access Time vs. Ambient Temperature 







Ambient Temperature Ta (°C) 



^ 10 



lo. 



3 07 
U 



Supply Current vs. Frequency 

100 50 33 25 20 T (ns) 



05 











y 














/ 


y 






^ 










"^ 





















10 20 30 40 50 

Frequency f (MHz) 
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HM6287H Series 



Input Low Voltage vs. Supply Voltage 






> 

'o 

> 



1.0 



t: 0.8 

I 

^ 0.7 









Ta=25iC 














_^ 


^ 




" 























4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 



Input High Voltage vs. Supply Voltage 



1.3 



1.0 



o 
> 



0.8 



I- 









Ta=25lC 
















-^ 




■^^ 
























4.5 4.75 5.0 5.25 

Supply Voltage Vcc (V) 



5.5 



Output Current vs. Output Voltage (1) 



Output Current vs. Output Voltage (2) 



1.2 



1.0 



I 

^ 0.8 



& 
O 0.4 









Ta=25"C 
Vcc=5V 


\ 




























V 








\ 





^ 1.6 



^ 


1.2 


^ 




o 












c 


1.0 


§ 




C) 




^ 


0.8 


2 




3 


0.6 


fi- 





0.4 









Ta=25X: 
'Vcc=5V 











































Output High Voltage Voh (V) 



0.2 0.4 0.6 0.8 

Output Low Voltage Vol (V) 



Standby Current vs. Ambient Temperature 



I 



i 



f 

to 



0.1 









Vcc=3V 
CS=2.8V 






^ 


'^ 


^^ 


x' 















20 



40 



60 



80 



Standby Current vs. Supply Voltage 



§ 1.2 



5, 

S 0.8 



g 0.6 

^ 0.4 

I 0-2 

00 









/ 








/ 




















y 






^^ 


^ 


Ta=J 


5t: 






CS=\ 


^cc-0.2V 



Ambient Temperature Ta (*»€) Supply Voltage Vcc (V) 
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HM6287H Series 



Standby Current vs. Input Voltage 



i 



f • 













Ta = 
Vcc = 


25t 
= 5.0V 
4.8V 


















/ 


^ 












/ 


\ 








^ 




\ 


k 







12 3 4 5 

Input Voltage Vin (V) 
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HM6787 Series 



65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 



FEATURES 

Super Fast Access Time: 25ns/30ns (max.) 

Low Power Dissipation (DC): 

Operating 180mW (typ) 

High Driving Capability: loL^fimA 

+5V Single Supply 

Completely Static Memory 

No Clock or Timing Strobe Required 

Balanced Read and Write Cycle Time 

Fully TTL Compatible Input and Output 

Skinny 22-pin Plastic Dip (300 mil) and 22-pin Chip Carrier 



Maintenance Only 



HM6787P Series 



^ 



(DP-22NB) 




■ ORDERING 


INFORMATION 




Type No. 


Access Time 


Package 


HM6787P-25 
HM6787P-30 


25ns 
30ns 


300 mil 22 pin 
Plastic DIP 



■ BLOCK DIAGRAM 




-h> — o Dout 



■ABSOLUTE MAXIMUM RATINGS 



■ PIN ARRANGEMENT 

• HM6787P Series 




(Top View) 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vgs Pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


pt 


1.0 


W 


Operating Temperature Range 


Topr 


to +70 


*c 


Storage Temperature Range 


Tstg 


-55 to +125 


"C 
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HM6787 Series - 



TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Output Pin 


H 


X 


Not Selected 


^SB.^SBJ 


HighZ 


L 


H 


Read 


^CC 


Dout 


L 


L 


Write 


Ice 


HighZ 



RECOMMENDED DC OPERATING CONDITIONS (O^C^ra^TO^C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input High Voltage 


VjH 


2.2 


- 


6.0 


V 


Input Low Voltage 


ViL 


-0.5*1 


- 


0.8 


V 



Note) * 1. -3.0V for pulse width ^ 20ns. 



■ DC AND OPERATING CHARACTERISTICS (Kcc = 5V±10%, r^ = 0°C to +70"C) 






Item 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


I/l/I 


Kcc = 5.5V,K,jv=F55 to Fee 


- 


- 


2 


mA 


Output Leakage Current 


I/loI 


C^-VjH.VouT-Vss^oVcc 


- 


- 


2 


mA 


Operating Power Supply Current 


Ice 


CS= ViL,JoUT=OmA 


- 


- 


100 


mA 




ISB 


CS=VjH 


- 


- 


40 


mA 


Standby Power Supply Current 


ISBl 


CS^ Fee -0.2V 
F/^^g0.2Vor Fjjv^Fcc -0.2V 


- 


- 


20 


mA 


Output Low Voltage 


Vol 


/oL= 16mA 


- 


- 


0.5 


V 


Output High Voltage 


VOH 


IoH=-^T^^ 


2.4 


- 


- 


V 



AC TEST CONDITIONS 

Input pulse levels: Vss to 3.0V 
Input rise and fall times: 4ns 
Input timing reference levels: 1 .5V 
Output reference levels: 1.5V 
Output load: See Figure 

Dout O- 



Output Load A 

+ 5V 
Q 



• 480 Q 



255 q; 



Output Load B 

(for tHZ, tLZ, twz & tow) 

+ 5V 



• 480Q 



'30pF* 



DoutO- 



255 Q- 



5pF* 



777 



* Including scope and jig. 
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-HM6787 Series 



CAPACITANCE {Ta = 25°C,/= 1 OMHz) 



Item 


Symbol 


max 


Unit 


Conditions 


Input Capacitance 


Qjv 


5.0 


PF 


K/jv=OV 


Output Capacitance 


C'OC/T 


7.0 


pF 


Kot/T=OV 




Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (Fcc = 5V±10%, r^ =0**C to 70°C, unless otherwise noted.) 
e READ CYCLE 



Item 


Symbol 


uMsm-is 


HM6787-30 


Unit 


Notes 




min 


max 


min 


max 




Read Cycle Time 


tRC 


25 


- 


30 


- 


ns 




Address Access Time 


tAA 


- 


25 


- 


30 


ns 




Chip Select Access Time 


tACS 


- 


25 


- 


30 


ns 




Output Hold from Address Change 


tOH 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


ns 


1,2 


Chip Deselection to Output in High Z 


tHZ 





15 





15 


ns 


1.2 


Chip Selection to Power Up Time 


tpu 





- 





- 


ns 


2 


Chip Deselection to Power Down Time 


tPD 


- 


25 


- 


30 


ns 


2 


Input Voltage Rise/Fall Time 


tT 


- 


150 


- 


150 


ns 


3 



Notes) 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

2. This parameter is sampled and not 100% tested. 

3. If tT becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi's Sale Dept. regarding specification. 



• WRITE CYCLE 



Item 


Symbol 


HM6787-25 


HM6787-30 


Unit 


Notes 


min. 


max. 


min. 


max. 


Write Cycle Time 


WC 


25 


- 


30 


- 


ns 


2 


Chip Selection to End of Write 


tew 


20 


- 


25 


- 


ns 




Address Valid to End of Write 


fAW 


20 


- 


25 


- 


ns 




Address Setup Time 


US 





- 





- 


ns 




Write Pulse Width 


tWP 


20 


- 


25 


- 


ns 




Write Recovery Time 


tWR 


5 


- 


5 


. - 


ns 




Data Valid to End of Write 


tow 


20 


- 


25 


- 


ns 




Data Hold Time 


(DM 





- 





- 


ns 




Write Enable to Output in High Z 


tVfZ 





15 





15 


ns 


3.4 


Output Active from End of Write 


fow 





- 





- 


ns 


3.4 



Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6787 Series- 



• TIMING WAVEFORM OF READ CYCLE NO. 1^^' 2) 



Address 



)( 



Data Out Previous Data Valid 



A X X A 



I 



Data Valid 



• TIMING WAVEFORM OF READ CYCLE NO. 2^>' ^^ 



Data Out 



Vcc Supply 



Current 




Impedance 



Note: 1 . WE is high and CS is low for READ cycle. _ 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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-HM6787 Series 



e TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED) 



Address 



CS 




x^:a 



)( 



\aziZL 



WE 



Data In 



Data Out 



^zzz;^ 



X 



Data In Valid 



Data Undefined 



) 




X 



High Impedance 



( 



Note: 1 . Transition is measured ±200mV from steady state voltage with specified loading in Load B. 



• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED) 





iwc 




Address \ 


k ) 






Ms 












lew 








CS 


^ 


K 


_/ 


( 








lAW 










iWP 








\ 2 




w \\\\\\^ 


V//// 






tow 


IDH 














Data In \ 


C 


Data In Valid 


_J 


( 






iwz 














n«*« Oil* r»_i.^ ii_j.r: i ^ 












/ 


High Impedanc 


e 







Note: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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HM6787H Series 



65536-word x 1-bit High Speed Hi-BiCMOS Static RAIVI 



Features 

• Super Fast Access Time: 15ns/20ns (max.) 

• Low Power Dissipation (DC): 
Operating 210mW (typ) 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Balanced Read and Write Cycle Time 

• Fully TTL Compatible Input and Output 



Ordering Information 








Type No. 


Access Time 


Package 




HM6787HP-15 
HM6787HP-20 


15ns 
20ns 


300 mil 22 pin 
Plastic DIP 




HM6787HJP-15 
HM6787HJP-20 


15ns 
20ns 


300 mil 24 pin 
Plastic SOJ 





Block Diagram 



A,o [X 

A, o— iX 
A,o X 

A30 — IX 
A. o X 



Row 



Memory Matrix 
128X512 



Vcc 



Vss 



Column I/O 



Column Decoder 



fv Dout 



H^ .•^12 ^1 1 ^10 A9 Aj^ Ajj Aj Aq Aj 

CSo f — oj-vJ 



"^ 



Pin Arrangement 



HM6787HP Series 


A.Ql 


\J 


I2] Vcc 


A,o: 




TTJAij 


AjjT 




Ha,, 


A.E 




TFJau 


*.E 




TIJau 


Ai[T 




t3a„ 


A»[T 




Ti]A,« 


A-E 




ITJa, 


Dout[T 




IT] A. 


WE [jO^ 




l3]D.n 


Ks.(Tr 




TFJcs 




(Top Vi«w) 





HM6787HP Series 




(DP-22NB) 



HM6787HJP Series 



HM6787HJP Series 




AOC 


1 ^ 


24 


DVcc 


AlE 


2 


23 


UA15 


A2C 


3 


22 


Hau 


A3C 


4 


21 


I]A13 


A4C 


5 


20 


m A12 


A5C: 


6 


19 


Dnc 


NCC 


7 


18 


Haii 


A6C 


8 


17 


IJAIO 


A7C: 


9 


16 


I1A9 


DoutC 


10 


15 


DAS 


weC 


11 


14 


HDin 


VssC 


12 


13 


UCS 











^ 



(CP-24D) 



Note) The specifications of this device 
are subject to change without 
notice. 

Please contact Hitachi's Sales 
Dept. regarding specifications. 
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-HM6787H Series 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vgs Pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


pt 


1.0 


W 


Operating Temperature Range 


Topr 


to +70 


**€ 


Storage Temperature Range 


T„g 


-55 to +125 


"C 


Temperature under Bias 


Tobias 


-10 to +85 


°C 




Function Table 



cs 


WE 


Mode 


Vqc Current 


Output Pin 


H 


X 


Not Selected 


^SB.^SBJ 


HighZ 


L 


H 


Read 


^cc^hci 


Dout 


L 


L 


Write 


hc> hci 


HighZ 



Recommended DC Operating Conditions (0°C ^Ta"^ 70° C) 

Item Symbol min. typ. 



Unit 



Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input High Voltage 


Vm 


2.2 


- 


6.0 


V 


Input Low Voltage 


ViL 


-0.5*1 


- 


0.8 


V 



Note) * 1. -3.0V for pulse width ^ 10ns. 

DC and Operating Characteristics {Vcc = 5V±10%, Ta = 0°C to +70'*C) 
Item Symbol min. typ. max. Unit 



Test Conditions 



Input Leakage Current 


I/l/I 


- 


2 


mA 


Kcc = 5.5V.Kj^ = F55 to Fee 


Output Leakage Current 


i/loI 


- 


10 


mA 


CS=KjH.Koi/T=^5StoFc.c 


Operating Power Supply Current 


he 


- 


- 100 


mA 


CS=Kj£^,/oc7T=0niA 


Average Operating Current 


hci 


- 


- 120 


mA 


Min. Cycle, Duty: 100% /oc7T= 0mA 




ISB 


- 


30 


mA 


CS=KjH 


Standby Power Supply Current 


hsi 


- 


10 


mA 


CS^^'CC-0.2V 

Kj;v^0.2V or K/jv^Kcc -0.2V 


Output Low Voltage 


Vol 


_ 


0.4 


V 


Iql * 8mA 


Output High Voltage 


VOH 


2.4 


- 


V 


/oh = -4mA 
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HM6787H Series - 



AC Test Conditions 



Input pulse levels: \<s5to3.0V 
Input rise and fall times: 4ns 
Input timing reference levels: 1 .5V 
Output reference levels: 1.5V 
Output load: See Figure 



Output Load A 

+ 5V 



-480Q 



Output Load B 

(for tHZ, uz, twz & tow) 

+ 5V 



>480Q 



DoutO- 



255 q: 



:30pF« 



DoutO- 



255 Q< 



~ 5pF« 



m 



* including tcopa and jig. 



Capacitance {Ta = 25°C, /= 1 .OMHz) 



Item 


Symbol 


max. 


Unit 


Conditions 


Input Capacitance 


ClN 


6.0 


PF 


VlN-OW 


Output Capacitance 


CoUT 


10.0 


PF 


VouT'^oy 



Note) This parameter is sampled and not 100% tested. 

AC Characteristics (Fee = 5 V± 10%, 7^ = 0*0 to 70**C, unless otherwise noted.) 
Read Cycle 

Item Symbol 



HM6787H-15 



HM6787H-20 



Unit 



Notes 







mm. 


max. 


mm. 


max. * • 






Read Cycle Time 


tRC 


15 


- 


20 


- 


ns 




Address Access Time 


tAA 


- 


15 


- 


20 


ns 




Chip Select Access Time 


tACS 


- 


15 


- 


20 


ns 




Output Hold from Address Change 


tOH 


3 


- 


3 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


3 


- 


3 


- 


ns 


1,2 


Chip Deselection to Output in High Z 


tHZ 





6 





8 


ns 


1,2 



Note: 1 . This parameter is sampled and 100% tested. 

2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 



Write Cycle 



Item 



Symbol 



HM6787H.15 



HM6787H-20 



min. 



max. 



min. 



max. 



Unit 



Notes 



Write Cycle Time 


twc 


15 


- 


20 


— 


ns 


2 


Chip Selection to End of Write 


^CW 


10 


- 


15 


- 


ns 




Address Valid to End of Write 


Uw 


10 


- 


15 


- 


ns 




Address Setup Time 


tAS 





- 





- 


ns 




Write Pulse Width 


tWP 


10 


- 


15 


- 


ns 




Write Recovery Time 


tWR 


3 


- 


3 


- 


ns 




Data Valid to End of Write 


tDW 


12 


- 


15 


- 


ns 




Data Hold Time 


tDH 





- 





- 


ns 




Write Enable to Output in High Z 


fwz 





6 





8 


ns 


3,4 


Output Active from End of Write 


fow 





- 





- 


ns 


3.4 



Note: 1 . If C§ goes high simultaneously with Wl high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6787H Series 



Timing Waveform of Read Cycle No. 1^^' ^^ 



Address 
Data Out 




.1 








) 


f 
\ 


)( 






tOH 


Previous Data Valid )k A X A ^*" ^""'^ 








Timing Waveform of Read Cycle No. 2^^" 


3) 












tRC 










; 




^ 


tACS 




( 


ILZ 






tHZ 1 


High Impedance 








High Impedance 


b<xj 


/ 0.. 


» Valid j 




r uat 

















Note: 1 . WE is high and OS is low for READ cycle. 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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HM6787H Series - 



Timing Waveform of Write Cycle No. 1 (WE Controlled) 



Address 



C§ 




x^;i 



)( 



\CLTIL 



We 



Data In 



Data Out 



^[ZZ3^ 



\ 



Data In Valid 



Data Undefined 



z 



\ 



i High Impedance \ 



Note: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 



Timing Waveform of Write Cycle No. 2 (CS Controlled) 














lice 




Address \ 






( ) 


/_ 


MS 








lew 






CS 


-i 


K 


J 


r - 

tWR 






lAW 








tWP 








K 


} 




^ \\\\\\^ 


'///// 






tDW 


tDH 














) 


C 


Data In Valid ^ 


( 


1 


twz 


— - , - _ 






Data Out Data Undefined ^ 


High Impedance 















Note: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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HM6787HA Series- 



Preliminary 



65536-Word x 1 -Bit High Speed Static RAM 

■ FEATURES 

• Super Fast 

Access Time 

• Low Power Dissipation 

(DC) Operating 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Fully TTL Compatible Input and Output 

■ ORDERING INFORIVIATION 



.12/15/20ns(max.) 
300mW (typ.) 



Type No. 


Access Time 


Package 


HM6787HAP-12 
HM6787HAP-15 
HM6787HAP-20 


12ns 
15ns 
20ns 


300 mil 22 pin 
Plastic DIP 
(DP-22NB) 


HM6787HAJP-12 
HM6787HAJP-15 
HM6787HAJP-20 


12ns 
15ns 
20ns 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 



BLOCK DiAGRAIVI 



AsO- 
A7O- 

Aeo- 
A50- 
A40- 
A30- 
A20- 



-cs: 

-cs: 
-cs: 
-cs: 



Row 
Decoder 



Memory Matnx 
256x1024 



WEO- 



-^ 



Column Decoder 



^ 



c=i 



A12 ^11 ^10 A9 Ai4 Ai5 Ai Aq Ai3 




(DP-22NB) 



^ 



(CP-24D) 



PIN ARRANGEIVIENT 



HM6787HAP Series 


AoC 


1 


24 


Uvcc 


AlC 


2 


23 


I]Ai5 


A2C 


3 


22 


U A14 


A3C 


4 


21 


I]A13 


A4C 


5 


20 


I]A12 


AsE 


6 


19 


Unc 


NO [I 


7 


18 


U A11 


AeC 


8 


17 


I]Aio 


AtC 


9 


16 


UA9 


Dout C 


10 


15 


DA8 


WE m 


11 


14 


ZlDm 


vssC 


12 


13 


Z cs 




(Top View) 




HM6787HAJP Series 


AoC 


1 


24 


Uvcc 


AlC 


2 


23 


I]Ai5 


A2C 


3 


22 


I]A14 


A3E 


4 


21 


U Ai3 


A4E 


5 


20 


I] A12 


AsC 


6 


19 


H NO 


NO IZ 


7 


18 


D All 


AeC 


8 


17 


I|Aio 


AtC 


9 


16 


IIA9 


Dout \Z 


10 


15 


DA8 


WEd 


11 


14 


I] Dm 


VssC 


12 


13 


U CS 




(Top View) 
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HM6787HA Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature Range 


^opr 


Oto +70 


X 


Storage Temperature Range 


'^stg 


-55 to +125 


°c 


Temperature Under Bias 


Tbias 


-10 to +85 


°c 



■ RECOMMENDED DC OPERATING CONDITIONS (0°C < 


Ta < 70°C) 








Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High Voltage 


VlH 


2.2 


— 


6.0 


V 


Input Low Voltage 


ViL 


-3.0* 


— 


0.8 


V 



*Pulse width < 10ns, DC: -0.5V 



TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Output Pin 


H 


X 


Not Selected 


IsB» IsBi 


HighZ 


L 


H 


Read 


IcC' Icci 


Data Out 


L 


L 


Write 


Icc» Icci 


HighZ 



DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, T^ = OX to 70°C, Vss = OV) 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


UliI 


Vcc = 5.5V, ViN = Vss to Vcc 


— 


— 


2 


M 


Output Leakage Current 


HloI 


CS = ViH,VouT = VsstoVcc 


_ 


— 


10 


liK 


Operating Power Supply Current 


Ice 


CS = ViL, louT = 0mA 


— 


— 


100 


mA 


Average Operating Current 


Icci 


Min. Cycle Duty: 100%, Iqut = 0mA 


— 


— 


120 


mA 




ISB 


CS = ViH 


— 


— 


30 


mA 


Standby Power Supply Current 


ISBI 


CS > Vcc - 0-2V 

ViN < 0.2V or ViN > Vcc - 0-2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


Iql = 8mA 


— 


— 


0.4 


V 


Output High Voltage 


VOH 


loH = -4mA 


2.4 


— 


— 


V 



AC TEST CONDITIONS 

► Input Pulse Levels: Vss to 3.0V 

» Input Timing Reference Levels: 1.5V 

► Output Load: See Figure 



Input Rise and Fall Times: 4ns 
Output Reference Levels: 1.5V 



Dout 



255Q 




Dout 

o- 



+5V 
480(2 



30 pF* 



255Q 



/PZ 



\ jSpF* 



Output Load A 



Output Load B 
(for tHz> ttz. twz & tpw) 



♦Including scope and jig capacitance. 
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HM6787HA Series 



■ CAPACITANCE (Ta = 25°C, f = 


l.OMHz) 








Item 


Symbol 


Max. 


Unit 


Conditions 


Input Capacitance 


CiN 


6.0 


pF 


ViN = ov 


Output Capacitance 


^OUT 


10.0 


pF 


VouT = OV 




NOTE: This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Vcc = 5V ± 10%, Ta to 0°C to 70°C, unless otherwise noted.) 
• Read Cycle 



Item 


Symbol 


HM6787HA-12 


HM6787HA-15 


HM6787HA-20 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


12 


— 


15 


— 


20 


— 


ns 


— 


Address Access Time 


tAA 


— 


12 


— 


15 


— 


20 


ns 


— 


Chip Select Access Time 


tACS 


— 


12 


— 


15 


— 


20 


ns 


— 


Output Hold from Address Change 


tOH 


4 


— 


4 


— 


4 


— 


ns 


— 


Chip Selection to Output in Low Z 


tLZ 


3 


— 


5 


— 


5 


— 


ns 


1,2 


Chip Deselection to Output in High Z 


tHZ 





6 





6 





8 


ns 


1,2 



NOTES: 1. This parameter is sampled and not 100% tested, 

2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

• Write Cycle 



Item 


Symbol 


HM6787HA-12 


HM6787HA-15 


HM6787HA-20 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


12 


— 


15 


— 


20 


— 


ns 


2 


Chip Selection to End of Write 


tew 


8 


— 


10 


— 


15 


— 


ns 


— 


Address Valid to End of Write 


tAW 


8 


— 


10 


— 


15 


— 


ns 


— 


Address Setup Time 


tAS 





— 





— 





— 


ns 


— 


Write Pulse Width 


twp 


8 


— 


10 


— 


15 


— 


ns 


— 


Write Recovery Time 


tWR 





— 





— 





— 


ns 


— 


Data Valid to End of Write 


^DW 


7 


— 


8 


— 


10 


— 


ns 


— 


Data Hold Time 


toH 





— 





— 





— 


ns 


— 


Write Enable to Output in High Z 


twz 





6 





6 





8 


ns 


3,4 


Output Active from End of Write 


km 


3 


— 


3 


— 


3 


— 


ns 


3,4 



NOTES: 1 . If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6787HA Series 



I TIMING WAVEFORM 
Read Cycle (1)0) (2) 



Address 



>c 



tRC 



tAA 



tOH 



Data Out Previous Data Valid ^ 0(XXX^ C ^^^^ ^^"^ ^ ^ 



>c 



Read Cycle (2)0) (3) 






tRC 








r*-r* -_»-i— 


\ 


? 




cs 


s 


^ 




- Ucs 










; "-^ » 


" 




< tHZ ^ 




















AYYWS 


/ 


p\_x_ \/*%i:-j ^ 




)ata Out 




High Impedence 


vWWvs 


Data Valid yi 

High 
Impedence 



NOTES: 1 . WE is high and CS is low for READ cycle. 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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HM6787HA Series 



Write Cycle (1) (WE Controlled) 



Address 



>< 



two 




X 



OS ^^^^^^^^ 



tew 



y//////////////. 



tAW 



tAS 



WE 

Data In 
Data Out 






tpw 






^ twR 



tOH 



Data In Valid 



X 



Data Undefined 



:> 



tow 



High Impedance 



^ 



NOTE: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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HM6787HA Series - 



• Write Cycle (2) (CS Controlled) 



Address 



CS 



>c 



twc 



JM, 



>< 



X 



tew 



/" 



tAW 



SE x\\\\\\\\\\\\\X C 



Data In 
Data Out 



X 



tWP 



tpw 



tWR 



^ y/////////////. 



tOH 

^ ^ 



Data In Valid 



X 



twz 



Data Undefined 



^ 



High Impedance 



NOTE: 1 , Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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32768-word x 8-bit High Speed CMOS Static RAM 



FEATURES 

High Speed: Fast Access Time 85/1 00/1 20/1 50ns (max.) 
Low Power Standby and Low Power Operation; 
Standby: 200iLiW (typ)/10iLiW (typ) (L-version), 

Operation: 40mW (typ.) (f = 1MHz) 
Single 5V Supply 

Completely Static RAM: No clock or Timing Strobe Re- 
quired 

Equal Access and Cycle Time 

Common Data Input and Output, Three-state Output 
Directly TTL Compatible: All Input and Output 
Capability of Battery Back Up Operation (L-/L-SL version) 



ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM62256P-8 
HM62256P-10 
HM62256P-12 
HM62256P-15 


85ns 
100ns 
120ns 
150ns 




HM62256LP-8 
HM62256LP-10 
HM62256LP-12 
HM62256LP-15 


85ns 
100ns 
120ns 
150ns 


600 mil 28 pin 
Plastic DIP 


HM62256LP-10SL 
HM62256LP-12SL 
HM62256LP-15SL 


100ns 
120ns 
150ns 




HM62256FP-8T 
HM62256FP-10T 
HM62256FP-12T 
HM62256FP-15T 


85ns 
100ns 
120ns 
150ns 




HM62256LFP-8T 
HM62256LFP-10T 
HM62256LFP-12T 
HM62256LFP.15T 


85ns 
100ns 
120ns 
150ns 


28 pin 
Plastic SOP 


HM62256LFP-10SLT 
HM62256LFP-12SLT 
HM62256LFP-15SLT 


100ns 
120ns 
150ns 





HM62256P Series 



(DP-28) 



HM62256FP Series 




(FP-28DA) 



PIN ARRANGEMENT 



■ ABSOLUTE MAXIMUM RATINGS 






Item 


Symbol 


Rating 


Unit 


Voltage on any pin with relative to F^^^- 


Vt 


-0.5*Mo-h7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature 


'opr 


to -»-70 


''C 


Storage Temperature 


Tstg 


-55 to +125 


^'C 


Temperature Under Bias 


Tbias 


-10 to +85 


••c 




(Top View) 





Note) * 1 . -3.0V for pulse width ^ 50ns 
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HM62256 Series - 



BLOCK DIAGRAM 



X 

Address 
Buffer 



ROH 

Decoder 



Memory Array 



I/OO- 
1/07- 

WE- 
01- 
CS- 



1/0 
Buffer 



r— Column Decoder 



Y Address Buffer 



I ---M 

AOA) A2AI0A3A4 



■ TRUTH TABLE 












cs" 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Reference Cycle 


H 


X 


X 


Not Selected 


hB^hBl 


HighZ 


- 


L 


L 


H 


Read 


he 


Dout 


Read Cycle No. 1-3 


L 


H 


L 


Write 


he 


Din 


Write Cycle No. 1 


L 


L 


L 


Write 


he 


Din 


Write Cycle No. 2 



X means H or L 



■ RECOMMENDED DC OPERATING CONDITIONS (r^= to +70'*C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


VlH 


2.2 


- 


6.0 


V 


VlL 


-0.5*1 


- 


0.8 


V 



Note) * 1 . -3 .OV for pulse width ^ 50ns 

■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ = to +70*'C) 



Item 


Symbol 


Test Condition 


min 


typ*i 


max 


Unit 


Input Leakage Current 


I/l/I 


ViN^Vss^o Vcc 


- 


- 


2 


mA 


Output Leakage Current 


l/£Ol 


CS= Vm or 0E= K///or WE=ViL, K//o= Vss to Vcc 


- 


- 


2 


mA 


Operating Power Supply Current 


^CC 


CS = K/£,///o=OmA 


- 


8 


15 


mA 


Average 
Operating 


HM62256-8 


feci 


Min. Cycle, duty=100%, CS=Vil, ///c>=OmA 


- 


50 


70 




HM62256-10 


- 


40 


70 


mA 


Power 


HM62256-12 


- 


35 


70 


Supply 
Current 


HM62256.15 


- 


33 


70 








tCC2 


CS=F/£,. F//r=Fcc F/L=OV,///o=OmA/=lMHZ 


- 


8 


15 


mA 




ISB 


CS = K/H 


- 


0.5 


3 


mA 


Standby Power Supply Current 


hni 


CS ^ Fec~0.2V, OV ^ Vjj^ 


- 


0.04 


2 


mA 




_ 


2*2 


100*2 






- 


2*3 


50*3 


mA 




Vol 


lOL^lAmK 


- 


- 


0.4 


V 


Output Voltage 




VoH 


/o//= -1.0mA 


2.4 


- 


- 


V 



Notes) *1. 
*2. 



190 



Typical values are at K(7(7=5.0V, T^- 25** C and specified loading. 
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This characteristics is guaranteed only for L-SL version. 
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■ CAPACITANCE (r^=25'c,/=lMHz) 


Item 


Symbol 


Test Condition 


typ. 


max. 


Unit 


Input Capacitance 


Cin 


I/.„=OV 


- 


6 


PF 


Input/Output Capacitance 


^IIO 


I^;/O = 0V 


- 


8 


PF 



HM62256 Series 




Note) This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Kcc=5V± 10%, 7^=0 to +70°C unless otherwise noted) 
• AC Test Conditions 

o Input pulse levels: 0.8V to 2.4 V o Input and Output timing reference levels: 1 .5V 

o Input rise and fall times: 5ns o Output load: 1TTL Gate and Cl (lOOpF) 

(Including scope and jig) 
• Read Cycle 



Item 


Symbol 


HM62256-8 


HM62256-10 


HM62256-12 


HM62256-15 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 


Read Cycle Time 


tRC 


85 


- 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


tAA 


- 


85 


- 


100 


- 


120 


- 


150 


ns 


Chip Select Access Time 


tACS 


- 


85 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


45 


- 


50 


- 


60 


- 


70 


ns 


Output Hold from Address Change 


tOH 


5 


- 


10 


- 


10 


- 


10 


- 


ns 


Chip Selection to Output in Low Z 


tCLZ 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High Z 


KHZ 





30 





35 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





30 





35 





40 





50 


ns 



e Timing Waveform of Read Cycle No. 1^^^ 



Address 



OE 



tRC 



X 



X 



tAA 



\\\\\\\\\ 



cs 

Dout 



\. 



tOE 



tOLZ 



- tACS - 



-tCLZ- 



KXl 



Y 



£ 



tOH 



-tCHZ- 



Data Valid 



7ZL 



^ 



e Timing Waveform of Read Cycle No. 2^^^ ^^l [4] 



Address 



Dout 



tRC 



X 



tAA 



tOH 



i mmcA 



)( 



tOH 



Data Valid 



x 
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HM62256 Series - 



• Timing Waveform of Read Cycle No. 3^^' ^^^ ^^^ 



CS 



Dout 



^v 



/ 



tCLZ 



-tACS- 



tCHZ 



Data Valid 



y 



Notes) 1 . WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vu^. 

3. Address Valid prior to or coincident with CS transition Low. 



• Write Cycle 



Item 


Symbol 


HM62256-8 


HM62256-10 


HM62256-12 


HM62256-15 


Unit 




min. 


max. 


min. 


max. 


mm. 


max. 


min. 


max. 




Write Cycle Time 


twc 


85 


- 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


tew 


75 


- 


80 


- 


85 


- 


100 


- 


ns 


Address Valid to End of Write 


tAW 


75 


- 


80 


- 


85 


- 


100 


- 


ns 


Address Set Up Time 


US 





- 





- 





- 





- 


ns 


Write Pulse Width 


tWP 


60 


- 


60 


- 


70 


- 


90 


- 


ns 


Write Recovery Time 


tWR 


10 


- 





- 





- 





- 


ns 


Write to Output in High Z 


tWHZ 





30 





35 





40 





50 


ns 


Data to Write Time Overlap 


tow 


40 


- 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


0^ 


- 


ns 


Output Disable to Output in High Z 


tOHZ 





30 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


5 


- 


5 


- 


ns 



• Timing Waveform of Write Cycle No. 1 (OE Clock) 



Address 

OE 
CS 



X 



WE 



Dout 



Din 



twc 



X 



\^tWR^-^-*- 



tew 



-//IS- 



\. 



tOHZ^^^ 



tAW 



^SSi 



twp [1} 



^ 



tow 



/ 



tDH 



IS 
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• Timing Waveform of Write Cycle No. 2^^^ (OE Low Fixed) 



-HM62256 Series 



Address 



cs 



)C 



WE 



Dout 



Din 



twc 



ten 



^w:xx\ '1 id 



t-wv 



z:^^ 



\ 



/iwcn 



;l. 



7 



twHZ 



CO 



))))))))))))i 



tow 



Vl) 

tWR 



)C 




toH 



tow 



[6] 



[7] 



tUH 



es 



^c 



C8] 



^ 



Notes . 1 . A write occurs during the overlap U v/p) o* ^ low C5 and a low WE. 

2. /w/{ IS measured from the earlier of C% or WE gomg high to the end of write cycle 

3. Dunngjhis period, I/O pins are in the output state. The input signals out of phase must not be applied 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 
outputs remain in a high impedance state. 

5 OE is continuously low. (OE = Vji) 

6. Dout is m the same phase of written data of this write cycle. 

7. Do^ is the read data of ne.xt address. 

8. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be 
applied to I/O Pins. 

■ LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = to +70°C) 
(This characteristics is guaranteed only for L-and L-SL version) 



Item 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Vcc ^or Date Retention 


Vdr 


CS^ Fee -0.2V 


2.0 


- 


- 


V 




^CCDR 


Vcc = 3.0V, CS ^ 2.8V 
OY^Vin 


_ 


- 


50*' 


mA 


Data Retention Current 


_ 


_ 


10*^ 


Chip Deselect to Data Retention Time 


tCDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


^RC*' 


- 


- 


ns 



Note) *1. r/^e = J^ead Cycle Time ^ 

♦2. This characteristic is guaranteed only for L-version, 20mA max. at T^ = to 40 C. 
♦3. This characteristic is guaranteed only for L-SL version, 3/iiA max. at T^ = to 40°C. 



• Low Vcc ^^^^ Retention Waveform 




DATA RETENTION MODE 



4.5V 



Vdr^2.0V 



C5^Vcc-0.2V 




Note) In Data Retention Mode, CS controls the Address, WE, OE, and Din Buffers. Vin for these inputs can be in 
high impedance state in data retention mode. 
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HM62256 Series - 



SUPPLY CURRENT vs. SUPPLY VOLTAGE (1) 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE (1) 



1..: 









Ta=25'C 














^ 












^ 

















4.75 5.00 5.25 

Supply Voltage Ycc (V) 



I 1.2 









Kcc = 5.0V 























"■~^~-- 


^ 










, _ , 









20 40 e 

Ambient Temperature Ta (*C) 



SUPPLY CURRENT vs. SUPPLY VOLTAGE (2) 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE (2) 



I... 









ra-25*C 
















^^ 




-"^ 























g 1.1 









Kcc = 5.0V 
























^— - 



















4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V ) 



20 40 60 

Ambient Temperature Ta (*C) 



SUPPLY CURRENT vs. SUPPLY VOLTAGE (3) 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE (3) 



1 

I 1-2 



►.^ 1.0 
c 
I 

^ 0.8 
1 

0.6 









Ta=2^'C 








^ 






^^^ 


^ 




--"^ 






.^"\ 























Vcc =5.0V 










- 














— 



















4.75 5.00 5.25 

Supply Voltage Vcc (V) 



20 40 60 

Ambient Temperature Ta {*C ) 
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-HM62256 Series 



ACCESS TIME vs. SUPPLY VOLTAGE 



ACCESS TIME vs. AMBIENT TEMPERATURE 



I 1.1 









Ta- 25X 












-..^ 










"■^ 


-.-^ 

























Vcc = 5.0V 






^ 


y 






y' 




^ 


y 























4.75 5.00 5.25 5.50 

Supply Voltage Vn ( V ) 



20 40 & 

Ambient Temperature Ta CO 



STANDBY CURRENT vs. SUPPLY VOLTAGE 



STANDBY CURRENT vs. AMBIENT TEMPERATURE 









/ 








/ 






/ 


Ta -25-C 






/ 






/ 


' 




^ 


y 









1 




Vcc-5.0V 




^ 




y 











3 4 5 

Supply VolUge Vcc ( V ) 



20 40 6( 

Ambient Temperature Ta ( *C ) 



SUPPLY CURRENT vs. FREQUENCY (READ) 



SUPPLY CURRENT vs. FREQUENCY (WRITE) 



1 ^-^ 

i 









1- 

150ns 1 


20ns 10( 


1 
ns 85ns 










y 


y 








y 


/ 








/ 


y 


Ta 

Vc 


= 25°C 
C-5.0V 


y 


y 










y 













(3 0.4 









! 

50ns 1 


1 
50ns 10( 


1 
ns 85ns 










y 


y 








/ 


y 












Ti 

Vc 


= 25*C 
c = 5.0V 


^ 

























Frequency / ( MHz ) 



Frequency / ( MHz ) 
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HM62256 Series - 



INPUT LOW VOLTAGE vs. SUPPLY VOLTAGE 



■g 12 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 









Ta 25°C 
















- 


- — ' 

























4 75 5.00 5.25 

Supply Voltage Vcc i V i 









Ta 25°C 














^_^ 


-^ 




— ^ 























4 75 5.00 5 2 

Supply VoItaKe V( , 'V 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 











\ 










\ 








\ 




ra-25°C 
Vcc 5.0V 




N 


\ 








\ 





^ 12 



J 0.8 
a 
O 0.6 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 







. 








/ 








/ 










Ta- 25°C 
Krc 5.0V 



















2 3 4 

Output High Voltage Voh ( V ) 



2 0.4 0.6 

Output Low Voltage V,,, ( V ) 



ACCESS TIME vs. LOAD CAPACITANCE 



1.8 










1 










u 1.4 

- >2 








- 


•~ 1.2 
i in 










f! 10 

i 

< 0.8 
nA 



















200 300 400 500 

Load CapaciUnce Cl 'pF) 
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HM62832/HM62832H 

8-Bit CMOS Static RAIVI 

32768-WORD x 8-BIT HIGH SPEED CMOS STATIC RAM 

■ FEATURES 

• High speed: Fast Access time 25/35/45 ns (max.) 

HM62832— Low power 

Standby: 10 ^W (typical) (L-version) 
Active: 300 mW (typical) 

HM62832H~Low power 

Standby: 300 mW (typical) 
Active: 30 /uW (typical) (L-version) 

• Single 5V supply 

• Completely static memory 

No clock or timing strobe required 

• Equal access and cycle times 

• Common data input and output— Three stage output 

• Directly TTL compatible— All inputs and outputs 

■ ORDERING INFORMATION 



Part No. 


Access 


Package 


HM62832P-35 


35 ns 




HM62832P-45 


45 ns 


300 mil 28-pin 


HM62832LP-35 


35 ns 


Plastic DIP 


HM62832LP-45 


45 ns 




HM62832JP-35 


35 ns 




HM62832JP-45 


45 ns 


300 mil 28-pin 


HM62832UP-35 


35 ns 


Plastic SOJ 


HM62832UP-45 


45 ns 




HM62832HP-25 


25 ns 


300 mil 28-pin 


HM62832HP-35 


35 ns 


Plastic DIP 


HM62832HP-45 


45 ns 


(DP-28NA) 


HM62832HJP-25 


25 ns 


300 mil 28-pin 


HM62832HJP-35 


35 ns 


Plastic SOJ 


HM62832HJP-45 


45 ns 


(CP-28DN) 



^ 



(DP-28NA) 



^ 



(CP-28DN) 




PIN ARRANGEMENT 





Top View 




AmE 


1 28 


Hvcc 


A12E 


2 27 


DWE 


A7C 


3 26 


I]A13 


AeC 


4 25 


DA8 


A5p 


5 24 


Has 


A4E 


6 23 


H All 


AaC 


7 22 


- 01 


A2C 


8 21 


_ A10 


AlE 


9 20 


Hcs 


AoC 


10 19 


D1/07 


i/OoH 


11 IB 


Hl/Oe 


1/O1 L 


12 17 


Iji/Os 


1/O2C 


13 16 


I]l/04 


VssC 


14 15 


I]l/03 



I PIN DESCRIPTION 



Pin Name 


Function 


Ao-A,4 


Address 


I/O0-I/O7 


Input/Output 


CS 


Chip Select 


WE 


Write Enable 


OE 


Output Enable 


Vcc 


Power Supply 


Vss 


Ground 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



197 



HM62832/HM62832H - 



BLOCK DIAGRAM 



A12~ 
A14 — 
A8 

A13 I 
A9 I 
All I 



AS 
A6 
A7 



l/OO 



1/07 



WE 

OE 
CS 



X 
Address 

Buffer 



T 



Row 
Decoder 



I/O 
Buffer 



Memory Array 



I — Column Decoder 



Y Address Buffer 



I --- M 

A0A1 A2A3A10A3A4 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Voltage on any Pin Relative to W^s 


Vt 


-0.5*' to + 7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


V 


Oto +70 


°C 


Storage Temperature 


Tstg 


-55 to + 125 


°C 


Storage Temperature Under Bias 


Tbias 


-10 to +85 


°C 



NOTE: 1 -2 5 V for pulse width < 10 ns 



I FUNCTION TABLE 



CS 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


• Not Selected 


IsB' IsBi 


HighZ 




L 


L 


H 


Read 


Ice 


Dout 


ReadCycle(')'«(3) 


L 


H 


L 


Write 


Ice 


Dm 


Write Cycled ') 


L 


L 


L 


Ice 


D.n 


Write Cycle(2) 



NOTE: 1 X HorL 
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I DC CHARACTERISTICS for HM62832 (Ta = to +70*'C, Vcc = 5V ± 10%, Vss = OV) 



- HM62832/HM62832H 



Parameter 


Symbol 


Min. 


Typ/' 


Max. 


Unit 


Test Conditions 


Note 


Input Leakage Current 


UliI 


- 


- 


10 


tiA 


Vi„ = VsstoVcc 




Output Leakage Current 


HloI 


- 


- 


10 


M 


CS = V,HorOE = V,H 
orWE = ViL, 
V,/o = VsstoVcc 




Average Operating Power 
Supply Current 


Ice 


- 


60 


120 


mA 


Min. cycle, duty = 100%, 
CS = V,L. 
I,/o = mA 






ISB 


- 


15 


30 


mA 


CS = V,H 




Standby Vcc Current 


^SBl 


- 


2 


100 


M 


CS 2: Vcc -0.2V, 
OV ^ Vi„s0.2V, 
or Vi„, ^ Vcc - 0.2 V 


L-version 


Output Voltage 


Vol 


- 


- 


0.4 


V 


loL = 8 mA 




VOH 


2.4 


- 


- 


V 


loH = -4 mA 





NOTE; 1 Typical values are at Vcc = 5.0 V, Ta = +25''C and specified loading. 

■ DC CHARACTERISTICS for HM62832H (Ta = to +70*'C, Vcc = 5V ± 10%, Vss = OV) 



NOTE: I Typical values are at Vcc = 5 V, Ta = +25''C and specified loading. 

■ CAPACITANCE (Ta = 25°C, f = IMHz) 




Parameter 


Symbol 


Min. 


Typ.*' 


Max. 


Unit 


Test Conditions 


Note 


Input Leakage Current 


UliI 


- 


- 


2 


fiA 


V.„ = VsstoVcc 




Output Leakage Current 


UloI 


- 


- 


2 


/xA 


CS = V,Hor^ = V,„ 
orWE = V,L, 
V,/o = VsstoVcc 




Operating Pbwer Supply Current 


Ice 


- 


60 


120 


mA 


Min. cycle, duty = 100%, 
CS = V,L, 
Ii/o = mA 




Standby P&wer Supply Current 


ISB 


- 


15 


30 


mA 


CS = V,H 




Standby Pbwer Supply Current 


ISBI 


- 


0.02 


2 


mA 


CS> Vcc -0.2V, 
OV < V,n <0.2V, 
orV.„,^ Vcc -0.2 V 




- 


0.006 


0.1 


mA 


L-version 


Output Voltage 


Vol 


- 


- 


0.4 


V 


loL = 8 mA 




VoH 


2.4 


- 


- 


V 


loH = -4 mA 





Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


Input Capacitance 


c.„ 


- 


- 


6 


pF 


v.„ = ov 


Input/Output Capacitance 


Ci/o 


- 


- 


10 


pF 


V,/o = OV 



NOTE: I . This parameter is sampled and not 100% tested. 
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HM62832/HM62832H - 



I AC CHARACTERISTICS (Ta = to +70°C, Vcc = 5 V ± 10%, unless otherwise noted.) 



Test Conditions 

• Input pulse levels: 0.0 V to 3.0 V 

• Input rise and fall times: 5 ns 



• Input and output timing reference levels: 1.5 V 

• Output load: See Figures 



Output Lx)ad (A) 

+5V 
f 480 



Output Ijoad (B) 
(for tcLZ' k)LZ' ^CHZ' toHZ' twHZ & km) 

+5V 



Dout 
255 



30 pF* 



/^ 




NOTE: * Including scope & jig 

■ Read Cycle 



Parameter 


Symbol 


HM62832H-25 


HM62832-35 
HM62832H-35 


HM62832-45 
HM62832H-45 


Unit 




Mm. 


Max. 


Mm. 


Max. 


Min. 


Max. 




Read Cycle Time 


tRC 


25 


- 


35 


- 


45 


- 


ns 


Address Access Time 


tAA 


- 


25 


- 


35 


- 


45 


ns 


Chip Select Access Time 


tACS 


-- 


25 


- 


35 


- 


45 


ns 


Output Enable to Output Valid 


tOE 


~ 


12 


- 


15 


- 


20 


ns 


Output Hold From Address Change 


tOH 


5 


- 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low-Z 


tCLZ 


5 


- 


5 


- 


5 


- 


ns 


Output Enable to Output m Low-Z 


tOLZ 





- 





- 





- 


ns 


Chip Deselection to Output in High-Z 


tCHZ 





12 





15 





15 


ns 


Output Disable to Output in High-Z 


tOHZ 





12 





15 





15 


ns 



Read Cycle Timing (2) *i. '2, m 

\ ; 

Address V 



Read Cycle Timing (1) *i 



DC 



X 



X\\\\ 



:xx\ 



CXI 



)(xxmx)( 



)c: 



Read Cycle Timing (3) *i. *3, *4 



( ///// - 



zzzzzzz 



"^^ 



TOM 



j^ 



>- 



XXX) NOTES: *1 WE IS high for read cycle 

*2 Device is continuously selected, CS = Vil 

*3 Address should be valid prior to or coincident with CS transition low 

*4 OE = Vil 
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- HM62832/HM62832H 



I Write Cycle 



Item 


Symbol 


HM62832H-25 


HM62832-35 
HM62832H-35 


HM62832-45 
HM62832H-45 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Write Cycle Time 


twc 


25 


- 


35 


- 


45 


- 


ns 


Chip Selection to End of Write 


tew 


20 


- 


30 


- 


40 


- 


ns 


Address Valid to End of Write 


Uw 


20 


- 


30 


- 


40 


- 


ns 


Address Setup Time 


tAS . 





- 





- 





- 


ns 


Write Pulse Width 


twp 


15 


- 


20 


- 


25 


- 


ns 


Write Recovery Time 


tWR 





- 





- 





- 


ns 


Write to Output in High-Z 


tWHZ 





15 





15 





20 


ns 


Data to Write Time Overlap 


tow 


12 


- 


15 


- 


20 


- 


ns 


Data Hold from Write Time 


Idh 





- 





- 





- 


ns 


Output Disable to Output in High-Z 


k>HZ 





12 





15 





20 


ns 


Output Active From End of Write 


km 


5 


- 


5 


- 


5 


- 


ns 



Write Cycle Timing (1) (OE Clock) 



Address 



OS SS^ 






:^sk 



Dou. ■)^)')')')')')) 



-d 



^ 



y^ 



z± 



XX 



Write Cycle Timing (2) (OE Low Fixed) 



OS ^Si 



,<zzzzzzzi 



:5H^sc 



-:>' 



Oou, >»)>>>»»>» ^ 







* 1 A write occurs during the overlap (twp) of a low CS and a low WE 

*2. twR IS measured from the earlier of CS or WE going high to the end of write cycle 

^3 During this period, I/O pins are m the output state The input signals out of phase must not be applied 

*4 If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, outputs remain m a high impedance si 

*5. OE IS continuously low (OE = Vil) 

*fy. Dout IS in the same phase of written data of this write cycle 

*7 Dout is the read data of next address 

*8 If CS IS low during this period, I/O pins are in the output state The input signals out of phase must not be applied to I/O pins. 

"'9. WE must be high during all address transitions except when device is deselected with CS 
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HM62832/HM62832H - 



■ Low Vcc Data Retention Characteristics (Ta = to +70''C) 
This characteristics is guaranteed only for L-version 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


Vcc for Data Retention 


Vdr 


2.0 


- 


- 


V 




Data Retention Current 


ICCDR 


- 


1 


50*2 


M 


CS > Vcc - 0.2 V, 
V,„>Vcc-0.2Vor 
V < V,n < 0.2 V 


Chip Deselect to Data Retention Time 


tCDR 





- 


- 


ns 


Operation Recovery Time 


tRC 


tRC*' 


- 


- 


ns 





NOTES: *1 tRC = read cycle time 
*2 Vcc = 30V 



Low Vcc Data Retention Timing Waveform 




Data retention mode 



_CS^C-0£y_ 




I PACKAGE DIIMENSIONS Unit: mm (inch) 



HM62832HP Series 

(DP-28NA) 

HM62832P/HP 



37 32niax(l 470max ) 



"sill 




7 62(0 30 0) 



HM62832HJP Series 

(CP-28DN) 

HM62832JP/HJP 



Mo 10(0 004)] 
(SEATING PLANE) 

43±0 
(0 0I7±0 004) 
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HM6208/HM6208H Series 
4-Bit CMOS Static RAIVI 

65536-Word x 4-Blt High Speed CMOS Static RAM 

The Hitachi HM6208 and HM6208H are high speed 256k static 
RAMS organized as 64k-word x 4 bit. They realize high speed 
access time (25/35/45 ns) and low power consumption, employing 
CMOS process technology and high speed circuit designing 
technology. It is most advantageous wherever high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM6208 and HM6208H are packaged in the industry 
standard 300-mil, 24 pin, plastic DIP. The HM6208H is also 
available in a 300-mil, 24 pin, plastic SOJ package for high density 
mounting. The low power versions are ideal for battery backed 
systems. 

Features 

• Single 5 V supply and high density 24-pin package 

• High speed: Access time 25/35/45 ns (max.) 



Low power 
Active: 
Standby: 



300 mW (typ.) 

100 fi\N (typ.) 

30 /iW (typ.) (L-version) 

• Completely static operation requires 

No clock or timing strobe 

• Access and cycle times are equivalent 

• All inputs and outputs TTL compatible 

• Capability of battery back up operation (L-version) 

Ordering Information 




^ 



Pin Arrangement 



Type No. 



Access Time 



Package 



HM6208P-35 
HM6208P-45 



35 ns 
45 ns 



HM6208LP-35 
HM6208LP-45 



35 ns 
45 ns 



HM6208HP-25 
HM6208HP-35 



25 ns 
35 ns 



300-mil 
24-pin 
plastic DIP 
(DP-24NC) 



HM6208HLP-25 
HM6208HLP-35 


25 ns 
35 ns 




HM6208HJP-25 
HM6208HJP-35 


25 ns 
35 ns 


300-mil 
24-pin 


HM6208HLJP-25 
HM6208HLJP-35 


25 ns 
35 ns 


plastic SOJ 
(CP-24D) 



Pin Description 



Pin Name 



Function 



A0-A15 



Address 



I/Ol - I/Q4 Input/Output 



CS 



Chip select 



WE 



Write enable 



Vcc 



Power supply 




AO 1 


-^..^~ 


^ Vcc 


Al 2 




23 A15 


A2 3 




22 A14 


A3 4 




21 A13 


A4 5 




lo] A12 


A5 6 




19 All 


A6 7 




18 AlO 


A7 8 




17 I/Ol 


A8 9 




16 ] 1/02 


A9 10 




15 1/03 


CS 11 




14 1/04 


Vss [U_ 




Iz] WE 




(Top View) 





Vss 



Ground 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



203 



HM6208/HM6208H Series - 



Block Diagram 



Memory Array 
256X1.024 



I/Ol O- 




Function Table 



^ 


WE 


Mode 


Vcc Current 


I/O Pin 


Rcf. Cycle 


H 


X 


Not selected 


ISB, ISBl 


High-Z 


— 


L 


H 


Read 


Ice 


Dout 


Read cycle 


L 


L 


Write 


Ice 


Din 


Write cycle 



Note: X means don't care. 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


Vin 


-0.5*' to +7.0 


V 


Power dissipation 


Pt 


1.0 


w 


Operating temperature range 


Topr 


to +70 


°c 


Storage temperature range 


Tstg 


-55 to +125 


°c 


Storage temperature range under bias 


Tbias 


-10 to +85 


°c 



Note: *1. Vin min = -2.5 V for pulse width < 10 ns. 
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Recommended DC Operating Conditions (Ta = to +70X) 



Note: 



1. ViL mm = -2.0 V for pulse width < 10 ns. 



- HM6208/HM6208H Series 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input high (logic 1) voltage 


VlH 


2.2 


— 


6.0 


V 


Input low (logic 0) voltage 


ViL 


-0.5" 


— 


0.8 


V 




■ DC Characteristics (Ta = to +70°c, Vcc 


= 5V ± 10%, Vss = 


3V) 






Item 


Symbol 


Mm 


Typ*' 


Max 


Unit 


Test Conditions 


Input Leakage Current 


Ili 


- 


- 


20 


M 


Vcc = Max 

V,n = VsstoVcc 


Output Leakage Current 


Ilo 


- 


- 


10 


/.A 


CS==V,H 

V|/o = Vss to ^J^^ 


Operating Power Supply Current 


Ice 


- 


60 


100 


niA 


CS== V,i,, I,/o = 0mA. 
Mm Cycle, Duty = 100% 


Standby Power Supply Current 


ISB 


- 


15 


30 


niA 


CS - V,H, Mm Cycle 


Standby Power Supply Current "H" Version 


ISB 


- 


20 


40 


mA 


Standby Power Supply Current 


ISBI 


- 


20 


2000 


mA 


CS > Vcc - 2 V 
V < V,„ < 2 V or 
V,n > Vcc -0 2V 


Standby Power Supply Current L- Version 


ISBI 


- 


6 


100 


/xA 


Output Low Voltage 


Vol 


~ 


- 


04 


V 


loL = 8 niA 


Output High Voltage 


VOH 


24 


- 


- 


V 


loH = -4 mA 



*1 Typical limits are at Vcc = 5 V, Tj = +25°C and specified loading 



Capacitance (Ta = 25°C, f = iMHz)*^ 










Item Symbol 


Min 


Max 


Unit 


Test Conditions 


Input capacitance Cin 


— 


6 


pF 


Vin = V 


Input/output capacitance Ci/o 


— 


10 


pF 


Vi/o = OV 



Note: 



This parameter IS sampled and not 100% tested. 



AC Characteristics (Ta = to +70°C, Vcc = 5 V ± 10%, unless otherwise noted.) 
Test Conditions 

• Input pulse levels: Vss to 3.0 V • Input and output timing reference levels : 1 .5 V 

• Input rise and fall times: 5 ns • Output load: See Figures 



Output Load (A) 




Output Load (B) 
(for Otz, tLz, twz & tow) 




Note: * Including scope & jig. 
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HM6208/HM6208H Series - 



Read Cycle 



Item 


Symbol 


HM6208H-25 


HM6208-35 
HM6208H-35 


HM6208-45 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Read Cycle Time 


tRC 


25 


- 


35 


- 


45 


- 


ns 


Address Access Time 


tAA 


- 


25 


- 


35 


- 


45 


ns 


Chip Select Access Time 


tACS 


- 


25 


- 


35 


- 


45 


ns 


Output Hold From Address Change 


tOH 


5 


- 


5 


- 


5 


— 


ns 


Chip Selection to Output in LjOw-Z 


tLZ*' 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High-Z 


tHZ*' 





12 





20 





20 


ns 


Chip Selection to Power Up Time 


tpu 





- 





- 





- 


ns 


Chip Deselection to Power Down Time 


tpD 


- 


15 


- 


25 


- 


30 


ns 



Note: 



Transition is measured ±200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 



Read Timing Waveform (1) *»'*^ 



X 



JC 



X 



}( 



^xx 



Read Timing Waveform (2) *'>* 



\ 


Irc 


{ 








Iacs 






iHZ 






tu 












^ Data Invalid \ 


( 
\ 


Dau Valid 








High Impedan'-o 


HiRh 




tpv 








IPD 


Imix 


dance 














Ice 


7 


^ 50% 








50% \ 


V 



Notes: *1. WE is high for read cycle. 

♦2. Device is continuously selected, CS = ViL. 

♦3. Address valid prior to or coincident with CS transition low. 
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- HM6208/HM6208H Series 



Write Cycle 



Item 




Symbol 


HM6208H-25 


HM6208-35 
HM6208H-35 


HM6208-45 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Write Cycle Time 


twc 


25 


— 


35 


— 


45 


— 


ns 


Chip Selection to End of Write 


tew 


20 


— 


30 


— 


40 


— 


ns 


Address Valid to End of Write 


tAW 


20 


— 


30 


- 


40 


— 


ns 


Address Setup Time 


tAS 





— 





— 





— 


ns 


Write Pulse Width 




twp 


20 


- 


30 


- 


35 


- 




"H" Version 


25 




Write Recovery Time 


tWR 


3 


- 


3 


- 


3 


- 


ns 


Data Valid to End of Write 


tow 


15 


- 


20 


- 


20 


- 


ns 


Data Hold Time 


tOH 





- 





— 





— 


ns 


Write Enabled to Output in High-Z 


twz*' 





8 





10 





15 


ns 


Output Active From End of Write 


tow*' 





- 





- 





- 


ns 




Note: *1 Transition is measured ±200 mV from high impedance voltage with Load (B) This parameter is sampled and not 100% tested 



Write Timing Waveform (1) (WE Controlled) 














twc 






Address \ 






i ) 


/ 


lew 


'' \w 


x\ 


V/// 


'///// 




Iaw 


U«*2 






• 1 


- '*' m 










WE \ 


^ 


\ 


/ 


/ 








A^ 


tow 


t0H*i 


^ 


Dm 


^ Data Valid 


)C 






io„*6 






M^ 




r" • 


m 


D„, /////////// N 


High Impedance 


/ SSY 


"""' \\\\\\\\\\\ A 


V ///v^ 
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HM6208/HM6208H Series - 



Write Timing Waveform (2) (CS Controlled) 







Uc 







Address j 






< ) 


i 


t*w 




'"* iJ 




tw»*2 










\ 


tw,.*l 


/ 


" wwwwi' 




////////// 






torn 


_ toH 










Dm 

Dou. H.gh Im 


X 

pedance «4 


— xxxxxxx 
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Low Vcc Data Retention Characteristics (Ta = to +70°C) 
These characteristics are guaranteed only for L-version. 



Item 



Symbol Min Typ Max Unit 



Vcc for data retention 


Vdr 


2.0 


— 


— 


V 


Data retention current 


ICCDR 


— 


1 


50*^ 


^A 


Chip deselect to data retention time 


tCDR 





— 


— 


ns 



Operation recovery time 



Notes: *1. tRc = read cycle lime. 
*2. Vcc = 3.0 V. 



- HM6208/HM6208H Series 



Test Conditions 



CS> Vcc -0.2 V, 
Vin > Vcc - 0.2 V or 
V < Vin < 0.2 V 




Low Vcc Data Retention Timing Waveform 



Vcc- 
CS- 






Data retention mode 






N 






( 




»c«. 


k" z 


til 










i \ A \ 


T:::"7 


\ — 


-Y- r 




\ 


/ 






\ 


OS 2: Vcc -0.2V 




^ 
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HM6208/HM6208H Series - 



I PACKAGE DIMENSIONS Unit, mm (inch) 



HM6208/HM6208HP Series 
(DP-24NC) 



30 48max ( I ZOOmax ) 

finnn nnnnnnnn. 




illUUUUUUUUUUL/' 
4(0 045) 13(0 051) 



-i- 4 a ^ 




HM6208HJP Senes 
(CP-24D) 



^ 



16 OOmaxCO 63ma«) 




p^O 10(0 ooa)l V 

SEATING PLANE) 11 

.^10 -"^lUHUM 

017 + 0041 
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HM6708 Series 



65536-word x 4-bit High Speed Hi-BiCMOS Static RAM 



Features 



Super Fast Access Time : 20/25ns (max.) 

Low Power Dissipation 

Operating: 350mW (typ.) (f = 50MHz) 

+5V Single Supply 

Completely Static Memory 

No Clock or Timing Strobe Required 

Balanced Read and Write Cycle Time 

Fully TTL Compatible Input and Output 



Oixlering Information 



Type No. 


Access Time 


Package 


HM6708P-20 
HM6708P-25 


20ns 
25ns 


300mil 24 pin 
Plastic DIP 


HM6708JP.20 
HM6708JP-25 


20ns 
25ns 


300 mil 
24 pin SOJ 



Block Diagram 



Aqo- 
Aio- 
A20— 
A30- 



A40- 
A50- 



A90-- 

AlQO- 






Row 
Decoder 



Memory Matrix 
256X1024 



Vss 



I/Oio- 
I/02O~ 
I/O30- 
I/O40. 



mo 

WEo 






Input 

Data 

Control 



Column I/O ZZI 



Column Decoder 



Ae A7 Ag A11A12A13A14A15 



0=1 



^ 






HM6708P 




(DP-24NC) 



HM6708JP 



^ 



(CP-24D) 




Pin Arrangement 











AoC 


1 24 


jVcc 


Aid 


2 


23 


DA15 


A2C 


3 


22 


DA14 


A3C 


4 


21 


DA13 


A4C: 


5 


20 


J An 


A5C 


6 


19 


3 An 


AeC 


7 


18 


DAio 


AtC 


8 


17 


DI/0, 


AsC 


9 


16 


DI/O2 


Agll 


10 


15 


DI/O3 


CSC 


11 


14 


DI/O4 


VssC 


12 


13 


IJWE 




(Top View) 





Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 
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HM6708 Series 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vgs Kn 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature Range 


Topr 


to +70 


°c 


Storage Temperature Range (with bias) Tstgihias) 


-10 to +85 


°c 


Storage Temperature Range 


Tst, 


-55 to +125 


°c 



Recommended DC Operating Conditions (Tg = to +70° C) 
Item Symbol min. 



typ. 



Unit 



Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


, 








V 


Input Voltage 


ViH 


2.2 


- 


6.0 


V 


ViL 


-0.5** 


- 


0.8 


V 



Note) *1. -3.0 V for pulse width 20ns. 



Function Table 

es m. 



Mode 



Vcc Current 



I/O Pin 



Ref . Cycle 



H 


X 


Not selected 


hB> hBi 


HighZ 


- 


L 


H 


Read 


I CO hci 


Data Out 


Read Cycle 


L 


L 


Write 


fcC' hci 


Data In 


Write Cycle 



DC and Operating Characteristics {Vcc = 5 V ±10%, r^ = to +70*'C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Test Conditions 


Input Leakage Current 


i/l/I 


- 


- 


2 


mA 


Vcc ' 5.5y, VjN- Vss to Vcc 


Output Leakage Current 


i/loI 


- 


- 


10 


mA 


^'Vm,Vi/o'' Vss to Vcc 


Operating Power Supply Current 


Ice 


- 


- 


100 


mA 


CS= K/2:,,///o = 0mA 


Average Operating Current 


hci 


- 


- 


120 


mA 


Min. Cycle, Duty: 100%,///o = 0mA 




hB 


- 


- 


30 


mA 


CS'ViH.VjN'^VjHOxVji^ 


Standby Power Supply Current 


ISBI 


- 


- 


10 


mA 


CS^Kcc-0.2V 

VjN ^ 0.2 V or VjN ^ Vcc-0.2y 


Output Low Voltage 


Vol 


- 


- 


0.4 


V 


Iql = 8 mA 


Output High Voltage 


VOH 


2.4 


- 


- 


V 


Iqh = -4 mA 
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Capacitance (j^ = 25°C,/= 1 MHz) 



Note) This parameter is sampled and not 100% tested. 



-HM6708 Series 



Item 


Symbol 


max. 


Unit 


Test Conditions 


Input Capacitance 


Qn 


6.0 


PF 


Fjjv = OV 


Input/Output Capacitance 


Q/o 


10.0 


PF 


Kj/o = OV 




AC Characteristics {ycc = 5 V ±10%, T^ = to +70°C, unless otherwise noted) 
AC Test Conditions 

• Input pulse levels : ¥$$ to 3.0 V 

• Input timing reference levels : 1.5 V 

• Output Load : See Figure 

• Input rise and fall times : 4 ns 

• Output reference levels : 1 .5 V 



Output 
O 



255Q^ 



I +5V 



: 30pF* 



T77 

Output Load A 



Output 
O 



255Q : 



+ 5V 



: 480Q 



5pF* 



* including 
scope and jig 



Output Load B 

(for tiiz^ t^zt ^WZ> * ^OW) 



Read Cycle 



Item 



Symbol 



HM6708-20 



HM6708-25 



Unit Notes 







mm. 


max. 


mm. 


max. 






Read Cycle Time 


fRC 


20 


- 


25 


- 


ns 


- 


Address Access Time 


Ua 


- 


20 


- 


25 


ns 


- 


Chip Select Access Time 


Ucs 


- 


20 


- 


25 


ns 


- 


Output Hold from Address Change 


toH 


5 


- 


5 


- 


ns 


- 


Chip Selection to Output in Low Z 


tLZ 





- 





- 


ns 


1,2 


Chip Deselection to Output 
in High Z 


tHZ 





8 





10 


ns 


1,2 



Note) 1. This parameter is sampled and not 100% tested. 

2. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 
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ReadCycle-1*^'*^ 



Address -z 


4 1 






^ tKC 


' w 




f 


X 




!•- . w 




1 


<— toH— ► 




-♦-tOH-*- 


r 


Data Out 


IXXXX)^ --.,. ) 











ReadCycle-2*^'*^ 



cs 










■"vj 


^ 7 




c 






-^ tLZ ► 


a IT 




■^-tHZ-* 


High 






A/VVV^ 


f r\ i. itr I'J ^ 




High Impedance 


1\AAA7^ -»-— / 








Impedance 



Notes) ♦ 1 . WE is High for Read cycle. 

♦2. Device is continuously selected, CS = F/j 



*3. Address valid prior to or coincident with C5 transition low. 



xtSt 



Write Cycle 



Item 



Symbol 



HM6708-20 



HM6708-25 



min. 



Unit 



Notes 



Write Cycle Time 


^WC 


20 


- 


25 


- 


ns 


2 


Chip Selection to End of Write 


^CW 


15 


- 


20 


- 


ns 


- 


Address VaUd to End of Write 


Uw 


15 


_ 


20 


- 


ns 


- 


Address Setup Time 


Us 





- 





- 


ns 


- 


Write Pulse Width 


^WP 


15 


- 


20 


- 


ns 


~ 


Write Recovery Time 


tWR 


3 


- 


3 


- 


ns 


- 


Data Valid to End of Write 


tDW 


12 


- 


15 


- 


ns 


- 


Data Hold Time 


tDH 





- 





- 


ns 


- 


Write Enable to Output in High Z 


^WZ 





8 





10 


ns 


3,4 


Output Active from End of Write 


tow 





- 





- 


ns 


3.4 



Note) 1 . If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6708 Series 



Write Cycle-1 (WE Controlled) 



Address 



CS 



Z3( 



sa 



twc 



)( 



tew 



{ERUnL 



tAS 



tAW 



WE 



Data In 



f- twR*2 -> 



^L 



twp*i 



\i 






tDW 



Data Valid 



tDH*5 



tow*S 



High Impedance 



,tOH^ 



L 
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HM6708 Series - 



Write Cycle-2 (CS Controlled) 



Address 



CS 



ZJi 



twc 



tAW 



tAS ► 



^e 



-SSSSi 



tew 



7 



twp*l 



Data In 



Data Out 



mmmxmt 



tow 



twR*2 



}C 



22ZZZZZZZZ 



tDH, 



Data Valid 



mxxm 



High Impedance *^ 



Note) * 1 , A write occurs during the overlap of a low CS and a low WE, (f w^p) 

*2. r^jr/j is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 

must not be applied. 

If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the 

output buffers remain in a high impedance state. 

If C5 is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase 

to the outputs must not be applied to them, 
*6. Output is the same phase of write data of this write cycle. 



*4 



*5 
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HM6708A Series 



— Product Preview 



65536-Word x 4-Bit High Speed Static RAI\/I 

■ FEATURES 

• Super Fast 

Access Time 15/20/25ns (max.) 

• Low Power Dissipation 400mW (typ.) 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Fully TTL Compatible Input and Output 

■ ORDERING INFORIVIATION 



Type No. 


Access Time 


Package 


HM6708AP-15 
HM6708AP-20 
HM6708AP-25 


15ns 
20ns 
25ns 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


HM6708AJP-15 
HM6708AJP-20 
HM6708AJP-25 


15ns 
20ns 
25ns 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 



BLOCK DIAGRAIVI 



i/Oio 




1/02 0- 
I/O3O 
I/04 0- 




■ PIN ARRANGEMENT 










AoC 


1 


24 


D Vcc 


AlC 


2 


23 


H Ai5 


A2C 


3 


22 


H Ai4 


A3E 


4 


21 


I]A13 


A4a 


5 


20 


IIA12 


AsC 


6 


19 


H A11 


AeE 


7 


18 


DA10 


A7C 


8 


17 


I]l/Ol 


AsE 


9 


16 


I]l/02 


A9C 


10 


15 


III/O3 


OS \Z 


11 


14 


H I/O4 


VssE 


12 


13 


_| _ 




(Top View) 
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HM6708A Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vss Pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature Range 


^opr 


Oto +70 


°c 


Storage Temperature Range (with bias) 


^ stg(bias) 


-10 to +85 


°c 


Storage Temperature Range 


Tstg 


-55 to +125 


°c 



RECOMMENDED DC OPERATING CONDITIONS (0°C < T^ < 70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High (Ijogic 1) Voltage 


VlH 


2.2 


— 


Vcc + 0-5 


V 


Input Low (Logic 0) Voltage 


ViL 


-3.0* 


— 


0.8 


V 



*Pulse width < 15ns, DC: -0.5V 



TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


Not Selected 


IsB. IsBi 


HighZ 


— 


L 


H 


Read 


Icc» Icci 


Data Out 


Read Cycle (1) (2) 


L 


L 


Write 


IcC' Icci 


Data In 


Write Cycle (1) (2) 



■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, T^ = 0°C to 70°C, V 


ss = OV) 




Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


UliI 


Vcc = 5.5V, ViN = Vss to Vcc 


— 


— 


2 


fiA 


Output Leakage Current 


HloI 


CS=ViH,Vi/o = VsstoVcc 


— 


— 


10 


iiA 


Operating Power Supply Current 


Ice 


CS = ViL, Ii/o = 0mA 


— 


— 


100 


mA 


Average Operating Current 


Icci 


Min. Cycle, Duty: 100%, lyo = 0mA 


— 


— 


120 


mA 




'sB 


CS = ViH,ViN = ViHorViL 


— 


— 


30 


mA 


Standby Power Supply Current 


ISBI 


CS > Vcc - 0-2V 

ViN < 0.2V or ViN > Vcc - 0.2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


Iql = 8mA 


— 


— 


0.4 


V 


Output High Voltage 


VOH 


loH = -4mA 


2.4 


— 


— 


V 



AC TEST CONDITIONS 

' Input Pulse Levels: Vss to 3.0V 

• Input Timing Reference Levels: 1.5V 

' Output Reference Levels: 1.5V 



• Input Rise and Fall Times: 4ns 

• Output Load: See Figure 



Dout 



+5V 
i 4801} 



255 Q 



Dout 

o- 



+5V 
480 fi 



30 pF* 



255 fi 



\ jSpF* 



/P7 

Output Lx)ad A 



/77 

Output Load B 
(for tnz, tLz, t^z & tgw) 



*lncluding scope and jig capacitance. 
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HM6708A Series 



■ CAPACITANCE (T^ = 25°C, f = 


l.OMHz) 










Item 


Symbol 


Test Conditions 


Max. 


Unit 


Input Capacitance 


CiN 


ViN = ov 


6.0 


pF 


Output Capacitance 


Ci/o 


Vi/o = OV 


10.0 


pF 



NOTE: This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Vcc = 5V ± 10%, Tg = 0°C to 70°C, unless otherwise noted.) 
• Read Cycle 



NOTES: 1 . This parameter is sampled and not 100% tested. 

2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

• Write Cycle 



NOTES: 1 . All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. Transition is measured ±200mV from steady state voltage with specified loading in Ijoad B. 
3 This parameter is sampled and not 100% tested. 




Item 


Symbol 


HM6708A-15 


HM6708A-20 


HM6708A-25 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


15 


— 


20 


— 


25 


— 


ns 


— 


Address Access Time 


tAA 


- 


15 


- 


20 


- 


25 


ns 


— 


Chip Select Access Time 


tACS 


— 


15 


— 


20 


— 


25 


ns 


— 


Output Hold from Address Change 


tOH 


3 


— 


3 


— 


3 


— 


ns 


— 


Chip Selection to Output in Low Z 


tLZ 


3 


— 


3 


— 


3 


— 


ns 


1,2 


Chip Deselection to Output in High Z 


tHZ 





6 





8 





10 


ns 


1,2 



Item 


Symbol 


HM6708A-15 


HM6708A-20 


HM6708A-25 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


15 


— 


20 


— 


25 


— 


ns 


1 


Chip Selection to End of Write 


tew 


10 


— 


15 


— 


20 


— 


ns 


— 


Address Valid to End of Write 


Uw 


10 


— 


15 


— 


20 


— 


ns 


— 


Address Setup Time 


tAS 





— 





— 





— 


ns 


— 


Write Pulse Width 


twp 


10 


— 


15 


— 


20 


— 


ns 


— 


Write Recovery Time 


tWR 





— 





— 





— 


ns 


— 


Data Valid to End of Write 


tow 


9 


— 


12 


— 


15 


— 


ns 


— 


Data Hold Time 


toH 





— 





— 





— 


ns 


— 


Write Enable to Output in High Z 


twz 





6 





8 





10 


ns 


2,3 


Output Active from End of Write 


tow 





. — 





— 





— 


ns 


2,3 
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HM6708A Series 



I TIMING WAVEFORM 
Read Cycle (1)0) (2) 



Address 



>c 



Data Out Previous Data Valid 



tRC 



tAA 



tpH 



>kSEX 



>c 



tpH 



Data Valid 



XXE 



• Read Cycle (2) (1) (3) 



CS 



Data Out 



^c 



tRC 



tACS 



tLZ 



High Impedance 



=^xxx 



y 



,_tH2_^ 



Data Valid 



/ Hi. 



High 
Impedance 



NOTES: 1 . WE is High for READ cycle. 

2. Device is continuously selected, CS = Vil. 

3. Address valid prior to or coincident with CS transition low. 
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HM67a8A Series 



Write Cycle (1 ) (WE Controlled) 



Address 



WE 



Din 



twc 



><: 



OS x\\\\\\\\\\\^ ^ 



tew 



><: 




///////////////. 



Jaw 



« *AS ^ 



^^^ 



tWP(1) 



twz(3) 



■<xx 



tpw 



tWR(2) 



y 



^tDH(5^ 



Data Valid 



oou, iiiaiiiiiiiii. ^m 



><x> 



, ^ tow (5) ^ 



High Impedance 



^toH(6)^ 



^^fe 



• Write Cycle (2) (CS Controlled) 



Address 

CS 
WE 

Data In 
Dout 



>c 



twc 



>c 



Jaw 



< ^AS ^ 



tew 



\. 



y' 



\\\\\\\\\\\\\\\^ 



tWP*1 



^ 



SffiSSSSXM^ 



tpw 



, twR*2 ^ 



' ///////////////. 



<'DH> , 



Data Valid 



^<SSSES 



High Impedance (2) 



NOTES: 1 . A write occurs during the overlap of a low CS and a low WE (twp)- 

2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data mput signals of opposite phase to the 
outputs must not be applied to them. 

6. Output data is the same phase of write data of this write cycle. 
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HM6709 Series 



— Preliminary 



65536-Word x 4-Bit High Speed Static RAM (with OE) 

■ FEATURES 

• Super Fast 

Access Time 

• Fast OE 

Access Time 

• Low Power Dissipation 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Balanced Read and Write Cycle Time 

• Fully TTL Compatible Input and Output 

• 300 mil 28 pin SOJ 

■ ORDERING INFORI\/IATION 



.20/25ns (max.) 



. .10ns (max.) 
.350mW (typ.) 



Type No. 


Access Time 


Package 


HM6709JP-20 
HM6709JP-25 


20ns 
25ns 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 



BLOCK DIAGRAM 



I/Oio 




1/02 a 
l/Oao- 



1/04 — f 




PIN ARRANGEMENT 











NO C. 


1 


28 


U Vcc 


AoC 


2 


27 


I]Ai5 


AlE 


3 


26 


I]Ai4 


A2C 


4 


25 


H Ai3 


A3C 


5 


24 


I]A12 


A4C 


6 


23 


ZJAn 


AsC 


7 


22 


HAio 


AeE 


8 


21 


H NO 


A7C 


9 


20 


UNO 


AsC 


10 


19 


Hl/Oi 


A9C 


11 


18 


III/O2 


OS C. 


12 


17 


III/O3 


oeg 


13 


16 


H I/O4 


VssC 


14 


15 


UWE 




(Top View) 
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HM6709 Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vss Pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature Range 


Topr 


Oto +70 


°c 


Storage Temperature Range (with bias) 


Tstg(bias) 


-10 to +85 


°c 


Storage Temperature Range 


Tstg 


-55 to +125 


°c 




■ RECOMMENDED DC OPERATING CONDITIONS (0°C < 


Ta < 70°C) 








Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High Voltage 


VlH 


2.2 


— 


6.0 


V 


Input Low Voltage 


ViL* 


-3.0 


— 


0.8 


V 



*Pulse width: 20ns, DC: -0.5V 



TRUTH TABLE 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


HorL 


HorL 


Not Selected 


IsB' IsBi 


HighZ 


— 


L 


H 


H 


Output Disabled 


IcC' Icci 


HighZ 


— 


L 


L 


H 


Read 


IcC' Icci 


Data Out 


Read Cycle (1) (2) (3) 


L 


H 


L 


Write 


IcC' Icci 


Data In 


Write Cycle (1) (2) (3) (4) 


L 


L 


L 


IcC' Icci 


Data In 


Write Cycle (5) (6) 



DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, T^ - 0°C to 70°C) 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


UliI 


Vcc = 5.5V, ViN = Vss to Vcc 


— 


— 


2 


HA 


Output Leakage Current 


HloI 


CS = ViH or OE = ViH, WE = Vjl 
Vi/o = Vss to Vcc 


- 


- 


10 


M 


Operating Power Supply Current 


Ice 


CS = ViL, Ii/o = 0mA 


— 


— 


100 


mA 


Average Operating Current 


Icci 


Min. Cycle, Duty: 100%, lyo = 0mA 


— 


— 


120 


mA 




ISB 


CS = ViH,ViN = ViHorViL 


— 


— 


30 


mA 


Standby Power Supply Current 


ISBI 


CS > Vcc - 0-2V 

ViN < 0.2V or ViN > Vcc " 0-2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


loL = 8mA 


— 


— 


0.4 


V 


Output High Voltage 


VoH 


loH = -4mA 


2.4 


— 


— 


V 



■ AC TEST CONDITIONS 

• Input Pulse Levels: Vss to 3.0V 

• Input and Output Reference Levels: 1.5V 



• Input Rise and Fall Time: 4ns 
' Output Load: See Figure 



Dout 



+5V 
480 J] 



255 Q 



30 pF* 



Dout 

o— 

255fi' 



+5V 
480Q 



/77 

Output Load A 



\ j5pF* 



/77 

Output Load B 
(for tnz, tLz, toHz» ^olZ' ^wz ^ ^qw) 



♦Including scope and jig capacitance. 
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HM6709 Series 



■ CAPACITANCE (T^ = 25°C, f = l.OMHz) 










Item 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


CiN 


ViN = ov 


— 


— 


6 


pF 


Input/Output Capacitance 


Cl/0 


Vi/o = OV 


— 


— 


10 


pF 



NOTE: This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (Vcc 
• Read Cycle 



5V ± 10%, Ta = 0°C to 70°C, unless otherwise noted.) 



Item 


Symbol 


HM6709JP-20 


HM6709JP-25 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


20 


— 


25 


— 


ns 


— 


Address Access Time 


tAA 


— 


20 


— 


25 


ns 


— 


Chip Select Access Time 


tACS 


— 


20 


— 


25 


ns 


— 


Chip Selection to Output in Low Z 


tLZ 





— 





— 


ns 


1,2 


Output Enable to Output Valid 


toE 





10 





10 


ns 


— 


Output Enable to Output in Low Z 


tOLZ 





— 





— 


ns 


1,2 


Chip Deselection to Output in High Z 


tHZ 





8 





10 


ns 


1,2 


Output Hold from Address Change 


tOH 


5 


— 


5 


— 


ns 


— 



NOTES: 1. This parameter is sampled and not 100% tested. 

2. Transition is measured ±200mV from steady state voltage with specified loading is Load B. 



Write Cycle 



Item 


Symbol 


HM6709JP-20 


HM6709JP-25 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


20 


— 


25 


— 


ns 


1 


Chip Selection to End of Write 


tew 


15 


— 


20 


— 


ns 


— 


Address Setup Time 


tAS 





— 





— 


ns 


— 


Address Valid to End of Write 


tAW 


15 


— 


20 


— 


ns 


— 


Write Pulse Width 


twp 


15 


— 


20 


— 


ns 


— 


Write Recovery Time 


twR 


3 


— 


3 


— 


ns 


— 


Write to Output in High Z 


twz 





8 





10 


ns 


2,3 


Data Valid to End of Write 


^DW 


12 


— 


15 


— 


ns 


— 


Data Hold Time 


toH 





— 





— 


ns 


— 


Output Disable to Output in High Z 


toHZ 





8 





10 


ns 


2,3 


Output Active from End of Write 


tow 





— 





— 


ns 


2,3 



NOTES: 1 . All write cycle timings are referenced from the last valid address to the first transitioning address. 

2. This parameter is sampled and not 100% tested. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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I TIMING WAVEFORM 
Read Cycle (1)0) 



Address 



OE 



tRC 



><: 



tAA 



\^\\\\\\\\\\iK 



tOE 



' toLZ 



5s ^^5^ 



Ucs 



tCLZ 



Data Out 



High Impedance 



®K 



HM6709 Series 




><: 



/^////////A 



tOH 



^ //////////A 



tOHZ 



tCHZ 



Data Valid 



IX^ 



Read Cycle (2)0) (2) (3) 



Address 



tRC 



><: 



tAA 



-* — ?oy— *. 



Data Out Previous Data Valid 



IXXXX 



><: 



tOH 



Data Valid 



XX 



Read Cycle (3)0) (3) (4) 



CS 



Data Out 



K 



tRC 



tACS 



High Impedance 



^ tcLZ ^ . 



^^ 



< '^"Z ^ 



Data Valid 



'yi 



NOTES: 1. WE = ViH 

2. CS = ViL 

3. OE = ViL 

4. Address valid prior to or coincident with CS transition low. 
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HM6709 Series 



• Write Cycle (1) (OE = H, WE Controlled) 



Address 



twc 



>c 



5? \\\\\\\\\\\\^ ^ 



tew 



/////////////A 



tAW 



_tAS_^ 



WE 



^^ 



tWP(1) 



tpw 



>c 



tWR 



y 



♦iEH* 



High Impedance 



Data Out 



• Write Cycle (2) (OE = H, OS Controlled) 



Address 



OS 



WE 



Data In 



Data Out 





^ ^-^ ^ 




X X 




^ tAS tew 










\ 7 

tAW _ 






S 


c 






1 ^ twp(i) 




^^^^^^^^^^^^^^^^ ■//////////////. 




tow 


^ toH _ 1 




, ^1 


xxxxxxx; 


<xxx> 


;XXXX>< Data valid 


^XXXXXXXX 



High Impedance 
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HM6709 Series 



Write Cycie (3) (OE = Clocked, WE Controlled) 



Address 





OE 



y/////////A ( 



r. WWWWWW^ 



WE 



Data Out 



Data In 



tew 



^\^^\^ 



//////////////, 



tAW 



tAS. 



^^ 



tWP(1) 



^toHZ(2^ 



:> 



High Impedance 



High Impedance 



<s 



tpw 



tWR 



y^ 



tOLZ(2] 

-* ► 



\Z 



3a_j 



High Impedance 



IX>- 



• Write Cycle (4) (OE = Clocked, CS Controlled) 



Address 



OE 



twc 



>c 



y//////////m '^ 



CS 



WE 



Data In 



Data Out 



-^-lAS^ 



tew 



K 



tAW 



>c 



N\\\\\\\\\\\\\\\y 



twpQ) 






^ x\\\\\\\^ 



XS 



tpw 



y////////////. 



tOH 



Data Valid 



SK 



High Impedance 
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HM6709 Series 



• Write Cycle (5) (OE = L, WE Controlled) 



Address 



OS 



%c 



><: 



wwwww^ . 



:^ 



tAS 



tew 



//////////////. 



tAW 



WE 



^L 



tWP (1) 



tWHZ (2) 

-< ► 



High Impedance 



High Impedance 



Data In 



<i 



.._tDW ^ 



>C 



,,_twR_^ 



Y 



tow 
-* — > ■ 



tOH 



tOH 



ICZ^kXE 



Data Valid 



^ 



(5) High Impedance 



• Write Cycle (6) (OE = L, CS Controlled) 



Address 
CS 



><: 



^wc 



tAS 

"^ — >- 



><: 



^^ 



Si \\\\\\\\\\\v ^: 



tCLZ 



tew 



y 



^AV^ 



Data Out 



Data In 



twp (1) 



tWHZ 

-^ ► 



<jD- 



High Impedance 



High Impedance 



■<i 



-.-Jew — ^ 



^ twR 



y////////////A 



tOH 



Data Valid 



XXXXXXXXXi 



NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

3. Output data is the same phase of write data of this write cycle. 

4. If the CS is low transition occurs after the WE low transition, output remain m a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 
high impedance state. 
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HM6709A Series 



— Product Preview 



65536-Word x 4-Bit High Speed Static RAIVI (with OE) 

■ FEATURES 

• Super Fast 

Access Time 15/20/25ns (max.) 

• Fast OE 

Access Time 8/10/10ns (max.) 

• Low Power Dissipation 400mW (typ.) 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Fully TTL Compatible Input and Output 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM6709AP-15 
HM6709AP-20 
HM6709AP-25 


15ns 
20ns 
25ns 


300 mil 28 pin 
Plastic DIP 
(DP-28N) 


HM6709AJP-15 
HM6709AJP-20 
HM6709AJP-25 


15ns 
20ns 
25ns 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 



BLOCK DIAGRAiVI 



I/Oio 




l/Oaa 
I/O3O 



I/O4O — f 




(DP-28N) 




(CP-28DN) 




PIN ARRANGEIVIENT 











NO \Z 


1 


28 


J Vcc 


AoE 


2 


27 


H Ai5 


AlC 


3 


26 


H Ai4 


A2C 


4 


25 


I] Ai3 


A3E 


5 


24 


H A12 


A4C 


6 


23 


I]A11 


AsC 


7 


22 


I]Aio 


AeC 


8 


21 


H NC 


A7E 


9 


20 


U NC 


AsC 


10 


19 


I]l/01 


A9C 


11 


18 


II1/O2 


CSC 


12 


17 


Ui/os 


OEC 


13 


16 


3 1/04 


VssC 


14 


15 


H WE 




(Top View) 
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HM6709A Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vss Pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature Range 


T 


to +70 


°c 


Storage Temperature Range (with bias) 


Tstg(bias) 


-10 to +85 


°c 


Storage Temperature Range 


Tste 


-55 to +125 


°c 



RECOMMENDED DC OPERATING CONDITIONS (0°C < T^ < 70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High Voltage 


VlH 


2.2 


— 


6.0 


V 


Input Low Voltage 


ViL* 


-3.0 


— 


0.8 


V 



♦Pulse width: 15ns, DC: -0.5V 



TRUTH TABLE 



CS 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


HorL 


HorL 


Not Selected 


IsB' IsBi 


HighZ 


— 


L 


H 


H 


Output Disabled 


Icc» Icci 


HighZ 


— 


L 


L 


H 


Read 


IcC' Icci 


Data Out 


Read Cycle (1) (2) (3) 


L 


H 


L 


Write 


Icc» Icci 


Data In 


Write Cycle (1) (2) (3) (4) 


L 


L 


L 


IcC' Icci 


Data In 


Write Cycle (5) (6) 



I DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, T^ = 0°C to 70°C) 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


UliI 


Vcc = 5.5V, ViN = Vss to Vcc 


— 


— 


2 


IJiA 


Output Leakage Current 


HloI 


CS = ViH or OE = ViH or WE = Vjl 
Vi/o = Vss to Vcc 


- 


- 


10 


fiA 


Operating Power Supply Current 


Ice 


CS = ViL, Ii/o = 0mA 


— 


— 


100 


mA 


Average Operating Current 


Icci 


Min. Cycle, Duty: 100%, Ij/q = 0mA 


— 


— 


120 


mA 




ISB 


CS = ViH,ViN = ViHorViL 


- 


— 


30 


mA 


Standby Power Supply Current 


ISBI 


CS > Vcc - 0.2V 

ViN < 0.2V or ViN > Vcc - 0.2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


Iql — 8mA 


— 


— 


0.4 


V 


Output High Voltage 


VOH 


loH = -4mA 


2.4 


— 


— 


V 



AC TEST CONDITIONS 

• Input Pulse Levels: Vss to 3.0V 

• Input and Output Reference Levels: 1.5V 



Input Rise and Fall Time: 4ns 
Output Load: See Figure 



Dout 



+5V 
5 4800 



2550 



I 4: 



Dout 



30 pF • 



2550 



/7Z 

Output Load A 




Output Load B 
(for tnz, Ilz, tonz' toLZ> twz & ^qw) 



*Including scope and jig capacitance. 
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HM6709A Series 



■ CAPACITANCE (T^ = 25 °C, f = 


l.OMHz) 












Item 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


CiN 


ViN = ov 


— 


— 


6 


pF 


Input/Output Capacitance 


Ci/o 


Vi/o = OV 


— 


- 


10 


pF 



NOTE: This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Vcc = 5V ± 
• Read Cycle 



, Ta = 0°C to 70°C, unless otherwise noted.) 



NOTES: 1 . This parameter is sampled and not 100% tested. 

2. Transition is measured ±200mV from steady state voltage with specified loading m Load B. 

• Write Cycle 



NOTES: 1 . All write cycle timings are referenced from the last valid address to the first transitioning address. 

2. This parameter is sampled and not 100% tested. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 




Item 


Symbol 


HM6709A-15 


HM6709A-20 


HM6709A-25 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


15 


— 


20 


— 


25 


— 


ns 


— 


Address Access Time 


tAA 


— 


15 


— 


20 


— 


25 


ns 


— 


Chip Select Access Time 


tACS 


— 


15 


— 


20 


- 


25 


ns 


— 


Chip Selection to Output in Low Z 


tLZ 


3 


— 


3 


— 


3 


— 


ns 


1,2 


Output Enable to Output Valid 


tOE 





8 





10 





10 


ns 


— 


Output Enable to Output in Low Z 


tOLZ 


3 


— 


3 


— 


3 


— 


ns 


1,2 


Chip Deselection to Output in High Z 


tHZ 





6 





8 





10 


ns 


1,2 


Output Hold from Address Change 


tOH 


3 


— 


3 


— 


3 


— 


ns 


— 



Item 


Symbol 


HM6709A-15 


HM6709A-20 


HM6709A-25 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


15 


— 


20 


— 


25 


— 


ns 


1 


Chip Selection to End of Write 


tew 


10 


— 


15 


— 


20 


— 


ns 


— 


Address Setup Time 


tAS 





— 





— 





— 


ns 


— 


Address Valid to End of Write 


Uw 


10 


— 


15 


— 


20 


— 


ns 


— 


Write Pulse Width 


twp 


10 


— 


15 


— 


20 


— 


ns 


— 


Write Recovery Time 


tWR 





— 





— 





— 


ns 


— 


Write to Output in High Z 


twz 





6 





8 





10 


ns 


2,3 


Data Valid to End of Write 


tow 


9 


— 


12 


— 


15 


— 


ns 


— 


Data Hold Time 


tDH 





— 





— 





— 


ns 


— 


Output Disable to Output in High Z 


tOHZ 





6 





8 





10 


ns 


2,3 


Output Active from End of Write 


tow 





— 





— 





— 


ns 


2,3 
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HM6709A Series 



I TIMING WAVEFORM 
Read Cycle (1)0) 



Address 



tRC 



>C 



tAA 



OE \^^^\\\\\\^ -\ 



OS ^^^ 



tOE 



tOLZ 



Ucs 



tCLZ 



Data Out 



High Impedance 
• Read Cycle (2)0) (2) (3) 



KE^ 



Address 



tRC 



><: 



tAA 



tpH 



Data Out Previous Data Valid 



lESX 



• Read Cycle (3) (1) (3) (4) 

cs 



K 



tpc 



tACS 



tLZ 



Data Out 



High Impedance 



ts^ 



>c 



A^ /////////. 



tOH 

""* ^ 



^^^ 



tpHZ 



tCHZ 



Data Valid 



M^ 



>C 



tOH 
-« ► 



Data Valid 



XX 



^^ 



tHZ 



Data Valid 



^ 



NOTES: l.WE = ViH 

2. CS = ViL. 

3. OE = ViL. 

4. Address valid prior to or coincident with CS transition low. 
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HM6709A Series 



• Write Cycle (1) (OE = H, WE Controlled) 



Address 



twc 



>c 



cs x\\\\\\\\\\\^ ^ 



tew 



///////////////. 



tAW 



JAS_^ 



WE 



Data In 



Data Out 



^^ 



tWP(1) 



EffiffiffiffiffiffiSXX 



tpw 




x: 



< 'WR ^ 



y 



*iBhi, 



Data Valid 



assess; 



High Impedance 



• Write Cycle (2) (OE = H, CS Controlled) 



Address 



CS 



>c 



twc 



><: 



< 'as ^ 



tew 



K 



y 



tAW 



"^ \\\\\\\\\\\\\\\^ 



tWP(1) 



tpw 



tWR ^ 



y/////////////y 



Z 



*iBH*H 



High Impedance 



Data Valid 



- ^tmm, 



Data Out 
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HM6709A Series 

• Write Cycie (3) (OE = Clocked. WE Controlled) 



Address 



OE 




V/////////^ 



5? x\\\\\\\\\\\^ 



WE 



Data Out 



Data In 



tew 



^^^^ 



//////////////a 



tAW 



tAS, 



^^ 



tWP(1) 



^tQHZ(2^ 



:^ 



High Impedance 



High Impedance 



<ix 



tpw 



^WR ^ 



y^ 



tOLZ(2) 

-< ^ 



K 



< 'DH , I 



IE> 



High Impedano 



Write Cycle (4) (OE = Clocked, CS Controlled) 



Address 



OE 



twc 



>c 



V///////////^ ^^ 



CS 



WE 



Data In 



Data Out 



< ^AS ^ , 



tew 



K 



tAW 



><: 



^wwwwwww^ 



tWP(1) 



.^ 



tWR ^ 



^ xWWWW^ 



XM 



tpw 



y////////////y 



Jdh^ 



Data Valid 



sx: 



High Impedance 
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HM6709A Series 



• Write Cycle (5) (OE = L, WE Controlled) 



Address 



OS 



iML 



><: 



xWWWWW^ . 



tAS 



tew 



/////////////A 



tAW 



WE 



^^L 



tWP (1) 



tWHZ (2) 



High Impedance y \J 



Data In 



tpw ^ 




>c 



,_tWR_^ 



V 



tow 



tOH 



Jm^ 



Data Valid 



" ^[V (5) High Impedance 



• Write Cycle (6) (OE = L, CS Controlled) 



Address 
CS 

WE 

Data Out 
Data In 



><: 



iMI_ 



tAS 



><: 



^^ 



\\\\\\\\\\\^ ^r 



tLZ 



tew 



y 



tAW 



twp (1) 



twz 



^™^ 



High Impedance 



High Impedance 



■<i 



tpw ^ 



tWR 



y/////////////. 



toH 



Data Valid 



nmmx, 



NOTES: 1 . A write occurs during the overlap (twp) of a low CS and a low WE. 

2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

3. Output data is the same phase of write data of this write cycle. 

4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 
high impedance state. 



0HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



235 



HM6207 Series 



262144-word x 1-bit High Speed CMOS Static RAM 



The Hitachi HM6207 is a high speed 256k static RAM or- 
ganized as 256-kword x 1-bit. It realizes high speed access time 
(35/45 ns) and low power consumption, employing CMOS 
process technology and high speed circuit designing technology. 
It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. The HM6207, packaged in a 300 mil 
plastic DIP, is available for high density mounting. 

Low power version retains the data with battery back up. 



Features 

• High Speed: Fast Access Time 35/45 ns (max.) 

• Low Power 

Standby: lOO/xW (typ.)/30 juW (typ.) (L-version) 
Operation: 300 mW (typ.) 

• Single 5V Supply and High Density 24 Pin Package 

• Completely Static Memory: 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Directly TTL Compatible: All Inputs and Outputs 

• Capability of Battery Back Up Operation (L-version) 



Ordering Information 



Type No. Access Time 




Package 


HM6207P-35 35 ns 
HM6207P-45 45 ns 


- 300-mil 24-pin Plastic DIP 


HM6207LP.35 35 ns 
HM6207LP-45 45 ns 


Absolute Maximum Ratings 


Item 


Symbol 


Rating Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-0.5*1 to +7.0 V 


Power Dissipation 


Pt 


LO W 


Operating Temperature 


Topr 


to +70 °C 


Storage Temperature 


Tstg 


-55 to +125 °C 


Storage Temperature under bias 


Tbias 


-10 to +85 °C 



Note) *!. -2.5V for pulse width ^ 10ns. 




Pin Arrangement 



A17|T 


W 


17] Fee 


Ao[T 




23] A 16 


Al[ 3 




12]a15 


A2[7 




1i]a14 


A3[T 




20] A13 


A4JT 




19]a12 


AsFT 




Is] All 


A6[T 




17] AlO 


A7[T 




16]a9 


DoutjiO 




IsJas 


wE[Tr 




TTlDm 


VssQF 




17] CS 




(Top View) 





Pin Description 



Pin Name 


Function 


A0-A17 


Address 


Din 


Data Input 


Dout 


Data Output 


CS 


Chip Select 


WE 


Write Enable 


Vcc 


Power Supply 


Vss 


Ground 
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-HM6207 Series 



Block Diagram 



Row 
Decoder 




Memory Array 
256X1,024 



Column I/O 



Column Decoder 



A14A13 A12A11 A8 A7 A6 A5 AlO A9 



Ci- 



Dout 




Function Table 



CS WE Mode 


Vcc Current Dout Pin 


Ref. Cycle 


H X NOT SELECTED 


'SB.ISBl HIGH-Z 





L H READ 


Ice Dout 


READ CYCLE 


L L WRITE 


Ice HIGH-Z 


WRITE CYCLE 


Note) X means don't care. 

Recommended DC Operating Conditions (Ta = to +70°C) 


Parameter 


Symbol min typ 


max Unit 




Vcc 4.5 5.0 


5.5 V 




Vss 


V 


Input High (logic 1) Voltage 


ViH 2.2 


6.0 V 


Input Low (logic 0) Voltage 


ViL -0.5*1 _ 


0.8 V 



Note) *1. -2.0V for pulse width ^ 10 ns 



DC and Operating Characteristics (Ta = to +70°C, Vcc = 5 V ± 1 0%, Vss = OV) 



Parameter 


Symbol 


min 


typ*i 


max 


Unit 


Test Condition 


Input Leakage Current 


UliI 


- 


- 


2.0 


mA 


Vcc = MAX. 
ViN = Vss to Vcc 


Output Leakage Current 


HloI 


- 


- 


10.0 


mA 


CS=ViH 

Vout = Vss to Vcc 


Operating Power Supply Current 


lec 


- 


60 


100 


mA 


CS = ViL 

lout = 0mA, min. cycle 


Standby Power Supply Current 


ISB 


- 


15 


30 


mA 


CS = ViH, min, cycle 


Standby Power Supply Current (1) 


ISBl - 


- 


0.02 


2.0 


mA 


CS>Vcc-0.2V. 
OV€i ViN ^ 0,2V or 
ViN^Vcc-0.2V 


- 


0.006*2 


0.1*2 


Output Low Voltage 


Vol 


- 


- 


0.4 


V 


IOL=8mA 


Output High Voltage 


VOH 


2.4 


- 


- 


V 


IOH = -4.0mA 



Note) ♦l . Typical limits are at Vcc " 5.0V, T3 = 25''C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
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HM6207 Series- 



Capacitance (rfl = 25°C,/ = 


1 .OMHz) 












. Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input Capacitance 


Cin 


- 


- 


6.0 


pF 


Vin = OV 


Output Capacitance 


Cout 


- 


- 


10 


pF 


Vout = OV 



Note) This parameter is sampled and not 100% tested. 



AC Characteristics (Ta= to +70°C, Vcc= 5V ± 10%, unless otherwise noted.) 
AC Test Conditions 

• Input pulse levels: Vssto 3.0V • Input and Output timing reference levels: 1.5V 

• Input rise and fall times: 5ns • Output load: See Figures. 



Output Load (A) 

+ 5V 

P 



480 Q 



Output Load (B) 

(for tnz, tiz, twz & hw) 
+ 5V 



► 480 2 



DoutO- 



255 q; 



DoutO- 



:30pF* 



255 Q. 



5pF« 



77T 



'i' Including scope & jig. 



Read Cycle 



Parameter 




Symbol 


HM6207-35 


HM6207-45 


Unit 


Notes 


min 


max 


min 


max 


Read Cycle Time 




tRC 


35 


- 


45 


- 


ns 


*1 


Address Access Time 




tAA 


- 


35 


- 


45 


ns 




Chip Select Access Time 




ucs 


- 


35 


- 


45 


ns 




Output Hold from Address Change 


tOH 


5 


- 


5 


- 


ns 




Chip Selection to Output in 


Low Z 


tLZ 


5 


- 


5 


_ 


ns 


*2, *3, *7 


Chip Deselection to Output 


in High Z 


mz 





30 





30 


ns 


*2, *3, *7 


Chip Selection to Power Up 


Time 


tpu 





- 





- 


ns 


*7 


Chip Deselection to Power Down Time 


tPD 


- 


30 


- 


40 


ns 


*7 



Timing Waveform of Read Cycle No. 1 



*4,*5 



Address 
Dout 






iBC 


J 












( ) 




tt 




iA ^ 




m ''"' m 


<x 










\ 
/ 


(xxxxxJ 


^ Date Valid y 
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-HM6207 Series 



Timing Waveform of Read Cycle No. 2 



"cs 






tHC 






\ 


/ 








iiz 










Ymmi 


Dau Valid 


\ 


bout 




High Impedance 


/ 


Hish 








tpD 


Impedance 


IPV 










"" 




' 


Ice 
current 

ISB 




/'■ 




soO^ 






Notes) *1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 

♦2. At any given temperature and voltage condition, tf^z max. is less than ti^z "^»"- both for a given device and from 

device to device. 

♦3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

*4. WE is high for READ Cycle. _ 

♦5. Device is continuously selected, while CS = Vjl, 

*6. Addresses valid prior to or coincident with CS transition low. 

*7. This parameter is sampled and not 100% tested. 



Write Cycle 



Parameter 


Symbol 


HM6207-35 


HM6207-45 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


twc 


35 


- 


45 


- 


ns 


*2 


Chip Selection to End of Write 


tew 


30 


- 


40 


- 


ns 




Address Valid to End of Write 


tAW 


30 


- 


40 


- 


ns 




Address Setup Time 


tAS 





- 





- 


ns 




Write Pulse Width 


tWP 


25 


- 


25 


- 


ns 




Write Recovery Time 


tWR 


3 


- 


3 


- 


ns 




Data Valid to End of Write 


tDW 


20 


- 


20 


- 


ns 




Data Hold Time 


tDH 





- 





- 


ns 




Write Enable to Output in High Z 


twz 





20 





25 


ns 


*3, *4 


Output Active from End of Write 


tow 





- 





- 


ns 


*3,*4 
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HM6207 Series - 



Timing Waveform of Write Cycle No. 1 (WE Controlled) 









— 




wc 
















Address j/ 




\ 


( 




tew 




- x\\J 


^ 




/////////// 






Iaw 




IWH 




Ias 




IWP 


















\ 


/ 




WE 


iv 


/ 








tow ^ 


tim 






c 




D.n 


\ 


Data m Valid 


i 




twz 




tow 




1" ' 






\ 




[ 


Dout 












/ 


High Impedance 



Timing Waveform of Write Cycle No. 2 (CS Controlled) 





L, twc _J 














Address \ 


/ \ 


/ 




Ias 1 tew 




_j 




CS 


-\ 


\ 

tAW 




_/ 


/ 

twR 






twP 












\ 




A 




'-' \\\\\\\\\\\\\\\^ 


V/////////A 






tow 


tDH 




' 


\- ■ 


Dm ^ 


K 




DaU m Valid 


) 


K 








-» '*' m. 










/ D. \ 


1 


Dout — - 








/ 


High Impedance 



Notes) *1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

*2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

*3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

*4. This parameter is sampled and not 100% tested. 
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HM6207 Series 



Low Vcc Data Retention Characteristics (Ta = to +70 C) 

(This characteristics is guaranteed only for L-version) 



Parameter 


Symbol 


min 


typ. 


max. 


Unit 


Test Condition 


Vcc for Data Retention 


Vdr 


2.0 


- 


- 


V 


CS ^Vcc - 0.2V, 


Data Retention Current 


^CCDR 


- 


2 


50*2 


mA 


of'^Vin^oiv 


Chip Deselect to Data Retention Time 


tCDR 





- 


- 


ns 


See retention 


Operation Recovery Time 


tR 


tRC*^ 


- 


- 


ns 


waveform 




Note) *1. tRc = Read Cycle Time * 

Low Vqc Data Retention Waveform 



/CC=3-0V 



Vcc - 
CS- 






Data Retention Mode 










4 5V 


\ 


i 


2 2V 


JCDR^ 


^ 7 


Ir 










I _v y \ 


vl 7 


r 


A 


/ 




V 


/ 

ov 






y 


\ 1 


CS^ Vcc -0.2V 




v_ 
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HM6207/HM6207H Series 
1-Bit CMOS Static RAM 

262144-Worcl x 1-Bit High Speed CiVIOS Static RAM 

The Hitachi HM6207 and HM6207H are high speed 256k 
static RAMs organized as 256-kword x 1 -bit. They realize high 
speed access time (25/35/45ns) and low power consumption, 
employing CMOS process technology and high speed circuit 
design technology. It is most advantageous wherever high 
speed and high density memory is required. 

The HM6207 and HM6207H are packaged in the industry 
standard 300-mil, 24-pin plastic DIP The HM6207H is also 
available in a 300-mil, 25-pin plastic SOJ package for high 
density mounting The low power versions are ideal for battery 
backed systems. 

Features 

• Single 5 V supply and high density 24-pm package 

• High speed 
25/35/45 ns (max ) 



Access time: 
Low power 
Active. 
Standby: 



300 mW (typ ) 
100 AtW (typ ) 
30 ix\N (typ ) (L-version) 

• Completely static memory requires 

No clock or timing strobe requires 

• Equal access and cycle time 

• All inputs and outputs TTL compatible 

• Capability of battery back up operation (L-version) 

Ordering Information 




^ 



Pin Arrangement 



Type No Access Time 


Package 


HM6207P-35 
HM6207P-45 


35 ns 
45 ns 


300-mil 


HM6207HP-25 
HM6207HP-35 


25 ns 
35 ns 


24-pin 
plastic DIP 


HM6207HLP-25 
HM6207HLP-35 


25 ns 
35 ns 


(DP-24NC) 


HM6207HJP-25 
HM6207HJP-35 


25 ns 
35 ns 


300-mil 
24-pin 


HM6207HLJP-25 
HM6207HLJP-35 


25 ns 
35 ns 


plastic SOJ 
(CP-24D) 


Pin Description 






Pin Name Function 
A0-A17 Address 







Dm Data input 
Dout Data output 






CS Chip select 
WE Write enable 







Vcc Power supply 






Vss Ground 








Ai7pr 


w 


~24\Vcc 


Ao[T 




_23Ja16 


Al[T 




22JA15 


A2[T 




2i|a14 


A3[T 




lo] A13 


A4[T 




T9JA12 


ASpT 




is] All 


Aeig 




TTj AlO 


A7[T 




le] A9 


Dout [To" 




"iF] A8 


WEJTT 




TTJD.n 


vssQF 




"13] CS 
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HM6207/HM6207H Series - 

Block Diagram 




WE-{>— I 



Memory Array 

256X1.024 



Column I/O 



Column Decoder 



r>— Dout 



A14A13 A12A11 A8 A7 A6 A5 AlO A9 



Function Table 










VS ^WE 


Mode 


Vcc Current 


I/O Pin 


Rcf. Cycle 


H X 


Not selected 


ISB, ISBl 


High-Z 


_ 


L H 


Read 


Ice 


Dout 


Read cycle 


L L 


Write 


Ice 


High-Z 


Write cycle 



Note: X means don't care. 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


Vin 


-0.5*' to +7.0 


V 


Power dissipation 


Pt 


1.0 


w 


Operating temperature range 


Topr 


to +70 


°c 


Storage temperature range 


Tstg 


-55 to +125 


°c 


Storage temperature range under bias 


Tbias 


-10 to +85 


X 



Note: *1. Vin min = -2.5 V for pulse width < 10 ns. 
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- HM6207/HM6207H Series 



Recommended DC Operating Conditions (Ta = to +70°C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input high (logic 1) voltage 


VlH 


2.2 


— 


6.0 


V 


Input low (logic 0) voltage 


ViL 


-0.5" 


— 


0.8 


V 




Note: * 1. Vbl min = -2.0 V for pulse width < 10 ns. 



I DC Cliaracteristics (Ta = to +70°c, Vcc = 5 v ± 10%, Vss = o V) 



Item 


Symbol 


Mm 


Typ*' 


Max 


Unit 


Test Conditions 


Input Leakage Current 


UliI 


- 


- 


20 


/.A 


Vcc = Max 

V.n = VsstoVcc 


Output Leakage Current 


|llX)l 


- 


- 


10 


mA 


CS = V,H 

V,/o = VsstoVcc 


Operating Power Supply Current 


Ice 


- 


60 


100 


niA 


CS = V,L, !,/„ = mA, 
Mm Cycle, Duty = 100% 


Standby Power Supply Current 


ISB 


- 


15 


30 


niA 


CS = V,H, Mm Cycle 


Standby Power Supply Current 


"H" Version 


ISB 


- 


20 


40 


mA 


Standby Power Supply Current (1) 


IsBI 


- 


20 


2000 


fiA 


CS > Vcc - 2 V 

V < V,n < 2 V or 
V,„ > Vcc - 2V 


Standby Power Supply Current ( 1 ) 


L-Version 


IsBI 


- 


6 


100 


fiA 


Output Low Voltage 


Vol 


- 


- 


04 


V 


loL = 8 mA 


Output High Voltage 


VoH 


24 


- 


- 


V 


loH = -4 mA 



*1 Typical limits are at Vcc = 5 V, Tj = +25°C and specified loading 



Capacitance (Ta = 25X, f = iMHz)*^ 



Item 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Input capacitance 


Cin 


— 


6 


pF 


Vin = OV 


Output capacitance 


Cout 


— 


10 


pF 


Vout = V 



Note: 



This parameter is sampled and not 100% tested. 



AC Characteristics (Ta = to +70°C, Vcc = 5 V ± 10%, unless otherwise noted.) 
Test Conditions 

• Input pulse levels: Vss to 3.0 V • Input and output timing reference levels : 1 .5 V 

• Input rise and fall times: 5 ns • Output load: See Figures 



Output Load (A) 




Output Lx)ad (B) 
(for tHZ, tLZ, twz & tow) 




Note: * Including scope & jig. 
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HM6207/HM6207H Series - 



Read Cycle 



Item 


Symbol 


HM6207H-25 


HM6207-35 
HM6207H-35 


HM6207-45 


Unit 




Mm. 


Max. 


Mm. 


Max. 


Min. 


Max. 




Read Cycle Time 


tRC 


25 


- 


35 


- 


45 


- 


ns 


Address Access Time 


tAA 


- 


25 


- 


35 


- 


45 


ns 


Chip Select Access Time 


tACS 


- 


25 


- 


35 


- 


45 


ns 


Output Hold From Address Change 


tOH 


5 


- 


5 


— 


5 


- 


ns 


Chip Selection to Output in Low-Z 


tLZ*' 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High-Z 


tHZ*' 





12 





20 





30 


ns 


Chip Selection to Power Up Time 


tpu 





- 





- 





- 


ns 


Chip Deselection to Power Down Time 


tpD 


- 


15 


- 


25 


- 


40 


ns 



Note *1 Transition is measured ±200 mV from steady state voltage with Load (B) This parameter is sampled and not 100% tested 



Read Timing Waveform (1) '^ * 


2 


















'"c 




Address \ 




/ 
\ 


\ 
/ 


\ 




tOH 




OH 


<x 










Dout \ 


c 


Data Invalid ^ 


^ DaU Valid \ 



Read Timing Waveform (2) 


•l.*3 




















cs 






tRC 






/ 




\ 








r 




Iacs 




tnz 


High 




ttz 










f Data I 


wahd \ 


/ 


Data Valid 




\ 






High Impedance 


\ 


/ 






,„ 


Imt 


edance 


tpL 












V 1 


"" 


*", 




' 


Ice 


/ 


^O'V 








50% -^ 


^ 





Notes: *1. WE is high for read cycle. 

*2. Device is continuously selected, CS = ViL. 

*3, Address vahd prior to or coincident with CS transition low. 
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- HM6207/HM6207H Series 



I Write Cycle 



Item 




Symbol 


HM6207H-25 


HM6207-35 
HM6207H-35 


HM6207-45 


Unit 




Mm 


Max 


Mm 


Max 


Mm. 


Max. 




Write Cycle Time 


twc 


25 


- 


35 


- 


45 


- 


ns 


Chip Selection to End of Write 


tew 


20 


- 


30 


- 


40 


- 


ns 


Address Valid to End of Write 


Uw 


20 


- 


30 


- 


40 


- 


ns 


Address Setup Time 


tAS 





- 





- 





- 


ns 


Write Pulse Width 




twp 


20 


- 


30 


- 


35 


- 




"H" Version 


25 




Write Recovery Time 


tWR 


3 


- 


3 


- 


3 


- 


ns 


Data Valid to End of Write 


^DW 


15 


- 


20 


- 


20 


- 


ns 


Data Hold Time 


tDH 





- 





- 





- 


ns 


Write Enabled to Output m High-Z 


twz*' 





8 





10 





15 


ns 


Output Active From End of Write 


t *1 
low 





- 





- 





- 


ns 




Note *1 Transition is measured ±200 mV from high impedance voltage with Load (B) This parameter is sampled and not 100% tested 



Write Timing Waveform (1) (WE Controlled) 





^ twc 










Address \ 


< ) 


\ 




. . '- J 


" n\\\ 


[^ 


V/// 


V//A 




tAW 


IWH 






* '"* 










Imp 




\ / 




WE \ 


b 


/ 








iow ^ 


tDH ^ 












) 


\ 


Data Valid 


> 








, '•« . 




/ 








'" 


Dout ^ 




/ 






— 


— 


/ 


High Impedance 
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HM6207/HM6207H Series - 



Write Timing Waveform (2) (CS Controlled) 



K 



X 



y 



X 



X 



— ^ DaU Undefined - 



High Impedance 



Notes: *1. A wnte occurs during the overlap of a lo w CS and a low WE. 

*2. twR is measured from the earlier of CS or WE going high to the end of wnte cycle. 

*3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 

in a high impedance state. 
*4. Doui is the same phase of wnte data of this write cycle, if twR is long enough. 
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Low Vcc Data Retention Characteristics (Ta = to +70°C) 
These characteristics are guaranteed only for L-version. 



Item 



Vcc for data retention 



Symbol 
~ Vdr~~ 



Mm 



Typ Max Unit 



20 



— V 



Data retention current 


ICCDR 


— 


1 50*2 


^lA 


Chip deselect to data retention time 


tCDR 





- — 


ns 



Operation recovery time 



tRC'l — — 



Notes * 1 . tRc = read cycle lime 
*2 Vcc = 3 0V. 



- HM6207/HM6207H Series 



Test Conditions 



CS > Vcc - 0.2 V, 
Vm > Vcc - 0.2 V or 
V < Yin < 0.2 V 




Low Vcc Data Retention Timing Waveform 






Vcc . 


Data retention mode 






I 




1 tcDH 


k" i 


h 




/ \ _.../_.___\ 




T 7 


t \ / 


\ 


--/ 

OS f 

ov 






CS^Vcc-02V 




^ 









PACKAGE DIIVIENSIONS Unit: mm (inch) 



HM6207P/HM6207HP Series 
(DP-24NC) 



30 48max {I 200max ) 

li n nnnnnnnnni 



UUUUUUUUULIULf 



°B^ 





48 + 1 2 54 + 025 

(0019 + 0004) (0 100 + 0010) 



HM6207HJP Series 
(CP-24D) 



^ 




2 20!° '°2 
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HM6707 Series 



262144-word x 1-bit High Speed Hi-BiCMOS Static RAM 



Features 



Super Fast Access Time : 20/25ns (max.) 

Low Power Dissipation 

Operating: 350mW (typ.) (f = 50MHz) 

+5V Single Supply 

Completely Static Memory 

No Clock or Timing Strobe Required 

Balanced Read and Write Cycle Time 

Fully TTL Compatible Input and Output 



Ordering Information 



Type No. 


Access Time 


Package 


HM6707P-20 


20ns 


300mil 24 pin 


HM6707P-25 


25ns 


Plastic DIP 


HM6707JP-20 


20ns 


300 mil 


HM6707JP-25 


25 ns 


24 pin SOJ 



Block Diagram 



AqO- 

Aio- 
A20- 
A30- 
A40- 
A50- 
A90- 
Aioo- 






:sz 



IX 



Row 



Decoder 



Memory Matrix 
256X1024 



Vcc 



Vss 



Dino- 






SCM 



^ 



Column 1/0 



^^ Dout 



Column Decoder 



Ag A7 Ag Ai 



- An 



HM6707P 




(DP-24NC) 



HM6707JP 



^ 



(CP-24D) 



Pin Arrangement 











AoC 


1 24 


3 Vcc 


AiC 


2 


23 


DAn 


A2C 


3 


22 


DA,6 


A3C 


4 


21 


3A,5 


A4C 


5 


20 


DA14 


AsC 


6 


19 


DA13 


AeC 


7 


18 


DA12 


A7C 


8 


17 


DAn 


AgC 


9 


16 


lAio 


DoutC 


10 


15 


DA9 


WEC 


11 


14 


DDin 


Vss^ 


12 


13 


DCS 




(Top View) 





Note) 



The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 
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-HM6707 Series 



Absolute Maximum Ratings 



Item Symbol 


Rating 


Unit 


Terminal Voltage to Vgs Pin V'p 


-0.5 to +7.0 


V 


Power Dissipation P^ 


1.0 


W 


Operating Temperature Range Top^ 


to +70 


"C 


Storage Temperature Range (with bias) 75^^(1,4^8) 


-10 to +85 


°c 


Storage Temperature Range Tgtg 


-55 to +125 


°c 




Recommended DC Operating Conditions (Ta = to +70°C) 
Item Symbol min. 



typ. 



Note) *1 : -3.0 V for pulse width 20ns. 



Function Table 



Unit 



Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


VlH 


2.2 


- 


6.0 


V 


ViL 


-0.5*> 


- 


0.8 


V 



CS 


WE 


Mode 


^CC Current 


Output Pin 


H 


X 


Not selected 


^SB.-^SBl 


HighZ 


L 


H 


Read 


^CC ^CCl 


Dout 


L 


L 


Write 


hc^ hci 


HighZ 



DC and Operating Characteristics {Vcc = ^ V ±10%, J^ = to +70°C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Test Conditions 


Input Leakage Current 


I/l/I 


- 


- 


2 


mA 


Kcc=5.5V, Fj^r-^'ss to Kcc 


Output Leakage Current 


\Jlo\ 


- 


- 


10 


mA 


CS =KjH,i^OC/T=^SS to Kcc 


Operating Power Supply Current 


he 


- 


- 


100 


mA 


CS= K/x,,/ot;r = 0mA 


Average Operating Current 


hci 


- 


- 


120 


mA 


Min. Cycle, Duty : 100%,/ot77' = 0i 




ISB 


- 


- 


30 


mA 


CS=FjH, K/^=KjHorF7jr 


Standby Power Supply Current 


^SBl 


- 


- 


10 


mA 


CS> FCC-0.2V 

Vi^ g 0.2 V or Fjjv ^ Vcc -0.2V 


Output Low Voltage 


Vol 


- 


- 


0.4 


V 


loL = 8 mA 


Output High Voltage 


VOH 


2.4 


- 


- 


V 


Iqh = -4 mA 
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HM6707 Series - 



Capacitance (Ta = 25°C,/= 1 MHz) 



Item 


Symbol 


max. 


Unit 


Test Conditions 


Input Capacitance 


Qjv 


6.0 


pF 


viN = oy 


Output Capacitance 


^OUT 


10.0 


pF 


Fot/T = OV 



Note) This parameter is sampled and not 100% tested. 



AC Characteristics ( Vcc = 5 V±10%, T^ = to +70°C, unless otherwise noted) 

AC Test Conditions 

• Input pulse levels: ^55 to 3.0 V 

• Input timing reference levels : 1.5 V 

• Output Load : See Figure 

• Input rise and fall times : 4 ns 

• Output reference levels : 1.5 V 



Dout 
o — 



255X2 




30pF* 



Output Load A 



>-l-5V 



480n 



Dout 
o — 



255^' 



■5pF* 



Output Load B 

(for tfjZf tLZ> ^WZ <^ ^OW) 



''^ including 
scope and jig 



Read Cycle 



Item 



Symbol 



HM6 707-20 



HM6707-25 



Note) 



Unit 



Notes 







mm. 


max. 


mm. 


max. 






Read Cycle Time 


^RC 


20 


- 


25 


- 


ns 


- 


Address Access Time 


tAA 


- 


20 


- 


25 


ns 


- 


Chip Select Access Time 


Ucs 


- 


20 


- 


25 


ns 


- 


Output Hold from Address Change 


^OH 


5 


- 


5 


- 


ns 


- 


Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


ns 


1,2 


Chip Deselection to Output 
in High Z 


tHZ 





15 





15 


ns 


1,2 



1. This parameter is sampled and not 100% tested. 

2. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 



252 



Hitachi America, Ltd 



HITACHI 

► Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



ReadCycle-1*^ 



Address 



tRC 



)( 



tAA 



toH 



Data Out Previous Data Valid 



HH 



HM6707 Series 



)( 



Data Valid 




Read Cycle-2*^ 



CS 



\ 



tRC 



tACS 



Data Out 



- tLZ ■ 
High Impedance / 



Wi 



/ 



M 



Data Valid 



High Impedance 



"X High 1 



Notes) * 1 . WE is high and CS is low for Read cycle. 

♦2. Addresses valid prior to or coincident with CS transition low. 

*3. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 



Write Cycle 



Item 



Symbol 



HM6707-20 



HM6707-25 



Unit 



Note) 1 . If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 



Notes 







min. 


max. 


mm. 


max. 






Write Cycle Time 


^WC 


20 


- 


25 


- 


ns 


2 


Chip Selection to End of Write 


^CW 


15 


- 


20 


- 


ns 


- 


Address Valid to End of Write 


Uw 


15 


- 


20 


- 


ns 


- 


Address Setup Time 


tAS 





- 





- 


ns 


- 


Write Pulse Width 


^WP 


15 


- 


20 


- 


ns 


- 


Write Recovery Time 


fWR 


3 


- 


3 


- 


ns 


- 


Data Valid to End of Write 


^DW 


15 


- 


20 


- 


ns 


- 


Data Hold Time 


^DH 





- 





- 


ns 


- 


Write Enable to Output in High Z 


^WZ 





15 





15 


ns 


3,4 


Output Active from End of Write 


^ow 





- 





- 


ns 


3.4 
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HM6707 Series - 



Write Cycle-1 (WE Controlled) 



Address 



CS 



X3: 



twc 



)( 



i 



tew 



2£Z 



^AW 



< tAS ► 



4- twR -> 



WE 



Data In 



Data Out 



i 



-4 twp ► 



tow ► 



Data In Valid 



twz 



Data Undefined 



zzz 



7 



4^ 



K 



tow 



^ ( 

/I High Impedance |\ 



Note) *1. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 
Write Cycle-2 (CS Controlled) 



Address - 


^ ^■■.wrr• W 






\ 1 




■+ tAS > 








CS 


^ 


^ 7 


L 

4- tu/R -i 






f . ,„ *. 


^ ■■■— 


- "/VW w 


T^ "WK q 


w» \\\\\\\^ 


^ twp ► 

^ 7 


V//// 








toy 












Data In j 


/ 


Data In Valid 


ir 




*1 
^twz> 




Data Out Data Undefined *^ j 


High Impedance 











Note) *1. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 

*2. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffer remains in a high impedance state. 
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HM6707A Series 



— Product Preview 



262144-Word x 1 -Bit High Speed Static RAM 

■ FEATURES 

• Super Fast 

Access Time 15/20/25ns (max.) 

• Low Power Dissipation 400mW (typ.) 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Fully TTL Compatible Input and Output 

■ ORDERING INFORIVIATION 



Type No. 


Access Time 


Package 


HM6707AP-15 
HM6707AP-20 
HM6707AP-25 


15ns 
20ns 
25ns 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


HM6707AJP-15 
HM6707AJP-20 
HM6707AJP-25 


15ns 
20ns 
25ns 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 




(DP-24NC) 



^ 



(CP-24D) 




PIN ARRANGEI\/IENT 



BLOCK DIAGRAIVI 



A2 O- 
A3 O- 
A4 O- 
A7 o- 
Ag O- 
Ag O- 
A5 O- 

Ae o- 



Din O- 



C§o- 

Weo- 






Memory Matrix 
256x1024 



i>- 



^ 



a>-J 



Column Decoder 



^12 ^13 Au A^o A11 Ai5 A^g ^17 Aq A^ 











AoC 


1 


24 


U vcc 


AlC 


2 


23 


H Ai7 


A2C 


3 


22 


I]A16 


AsC 


4 


21 


I]A15 


A4E 


5 


20 


I]A14 


AsC 


6 


19 


H A13 


AeC 


7 


18 


IIA12 


AtC 


8 


17 


H A11 


AsE 


9 


16 


HAio 


Dout C 


10 


15 


DA9 


weC 


11 


14 


HDin 


VssE 


12 


13 


^ cs 




(Top View) 
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HM6707A Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to Vss Pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature Range 


Topr 


to +70 


°C 


Storage Temperature Range (with bias) 


Tstg(bias) 


-10 to +85 


°C 


Storage Temperature Range 


Tstg 


-55 to +125 


°C 



RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < 70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High Voltage 


VlH 


2.2 


— 


Vcc + 0-5 


V 


Input Low Voltage 


ViL 


-3.0* 


— 


0.8 


V 



*Pulse width: 15ns, DC: -0.5V 



■ TRUTH TABLE 








CS 


WE 


Mode 


Vcc Current 


Output Pin 


H 


X 


Not Selected 


IsB' IsBi 


HighZ 


L 


H 


Read 


IcC' Icci 


Data Out 


L 


L 


Write 


Icc» Icci 


HighZ 



DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, T^ = 0°C to 70°C, Vss = OV) 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


UliI 


Vcc = 5.5V, ViN = Vss to Vcc 


— 


— 


2 


M 


Output Leakage Current 


HloI 


CS = ViH, VouT = Vss to Vcc 


— 


— 


10 


tik 


Operating Power Supply Current 


Ice 


CS = ViL, louT = 0mA 


— 


— 


100 


mA 


Average Operating Current 


Icci 


Min. Cycle, Duty: 100%, Iqut = On^A 


— 


— 


120 


mA 




ISB 


CS = ViH,ViN = ViHorViL 


— 


— 


30 


mA 


Standby Power Supply Current 


ISBI 


CS > Vcc - 0.2V 

ViN < 0.2V or ViN > Vcc " 0.2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


loL = 8mA 


— 


— 


0.4 


V 


Output High Voltage 


VoH 


loH = -4mA 


2.4 


— 


— 


V 



AC TEST CONDITIONS 

' Input Pulse Levels: Vss to 3.0V 

• Input Timing Reference Levels: 1.5V 

» Output Reference Levels: 1.5V 



• Input Rise and Fall Times: 4ns 

• Output Load: See Figure 



Dout 

o- 



+5V 
480Q 



2550 



Dout 



+5V 
480fi 



\ T30pF' 



255fi 



/P7 

Output Load A 



5pF* 



777 

Output Load B 
(for tnz, tL2, twz & tow) 



♦Including scope and jig capacitance. 
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HM6707A Series 



■ CAPACITANCE (T^ = 


= 25°C, f = 


l.OMHz) 










Item 


Symbol 


Test Conditions 


Max. 


Unit 


Input Capacitance 


CiN 


ViN = ov 


6.0 


pF 


Output Capacitance 


CoUT 


VouT = OV 


10.0 


pF 



NOTE: This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0°C to 70°C, unless otherwise noted.) 
• Read Cycle 



NOTES: 1 . This parameter is sampled and not 100% tested. 

2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

• Write Cycle 



NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 

2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

3. This parameter is sampled and not 100% tested. 




Item 


Symbol 


HM6707A-15 


HM6707A-20 


HM6707A-25 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


15 


— 


20 


— 


25 


— 


ns 


— 


Address Access Time 


tAA 


— 


15 


— 


20 


— 


25 


ns 


— 


Chip Select Access Time 


tACS 


— 


15 


— 


20 


— 


25 


ns 


— 


Output Hold from Address Change 


tOH 


3 


— 


3 


— 


3 


— 


ns 


— 


Chip Selection to Output in Low Z 


tLZ 


3 


— 


3 


— 


3 


— 


ns 


1,2 


Chip Deselection to Output in High Z 


tHZ 





6 





8 





10 


ns 


1,2 



Item 


Symbol 


HM6707A-15 


HM6707A-20 


HM6707A-25 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


15 


— 


20 


— 


25 


— 


ns 


1 


Chip Selection to End of Write 


tew 


10 


— 


15 


— 


20 


— 


ns 


— 


Address Valid to End of Write 


Uw 


10 


— 


15 


— 


20 


— 


ns 


— 


Address Setup Time 


tAS 





— 





— 





— 


ns 


— 


Write Pulse Width 


twp 


10 


— 


15 


— 


20 


— 


ns 


— 


Write Recovery Time 


tWR 





— 





— 





— 


ns 


— 


Data Valid to End of Write 


tow 


9 


— 


12 


— 


15 


— 


ns 


— 


Data Hold Time 


toH 





— 





— 





— 


ns 


— 


Write Enable to Output in High Z 


twz 





6 





8 





10 


ns 


2,3 


Output Active from End of Write 


tow 





— 





— 





— 


ns 


2,3 
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HM6707A Series 



I TIMING WAVEFORM 
Read Cycle (1)0) 



Address 



>c 



tOH 



tRC 



tAA 



Data Out Previous Data Valid ^ 0>(XXX) ^ Data Valid ^ ^ 



>c 



• Read Cycle (2) (2) 






tRC 












"V 


J 




C5 




/ 




^ 'ACS 








tLZ(3) ^ 




^ tHZ(3)^ 














r^ i ^v 




AVYVYS 


/ 


r>o+«^ \/oii/-i ^ 




Data Out 




High Impedence 


\AaAaA/s 


High 
Impedence 



NOTES: 1 . WE is high and CS is low for READ cycle. 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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HM6707A Series 



• Write Cycle (1) (WE Controlled) 



Address 



twc 



>c 



cs ^^^^^^^^ 



tew 



y/////////////A 



tAW 



tAS 



WE 

Data In 
Data Out 



^s 



X 



twp 



y 



tow 




>c 



tWR 



tOH 

<< ^ 



Data In Valid 



twz 



Data Undefined 



%. 



tow 



>h- 

^ Mi. 



J1]J2L 



High Impedance 



k: 



NOTES: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
2. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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HM6707A Series 



Write Cycle (2) (CS Controlled) 



Address 



CS 




Si x\\\\\\\\\\\\\^ C 



Data In 
Data Out 



X 



tpw 



- ///////////////. 



-«« >- 



Data In Valid 



X 



twz 



Data Undefined 



>h- 



High Impedance 



NOTES: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B, 
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HM6281 28 Series 



131072-Word X 8-Bit High Speed CIVIOS Static RAM 



The Hitachi HM628128 is a CMOS static RAM organized 128- 
kword X 8-bit. It realizes higher density, higher performance and low 
power consumption by employing 0.8 |im Hi-CMOS process 
technology. 

It offers low power standby power dissipation; therefore, it is 
suitable for battery back-up systems. The device, packaged in a 525 
mil SOP (460-mil body SOP) or a 600-mil plastic DIP, is available for 
high density mounting. 



Features 

• High speed: Fast access time 70/85/100/120 ns (max.) 

• Low power 

Standby: 10 jxW (typ) (L-version) 
Operation: 75 mW (typ) 

• Single 5 V supply 

• Completely static memory 

No clock or timing strobe required 

• Equal access and cycle times 

• Common data input and output: Three state output 

• Directly TTL compatible: All inputs and outputs 

• Capability of battery back up operation (L-version) 

2 chip selection for battery back up 



HM628128P Series 




(DP-32) 



HM628128FP Series 




(FP-32D) 



Ordering Information 



Pin Arrangement 



Type No. 



Access Time 



Package 



HM628128P-7 


70 ns 




HM628128P-8 


85 ns 




HM628128P-10 
HM628128P-12 


100 ns 
120 ns 


600 mil 32-pin 
nlastic DTP 


HM628128LP-7 


70 ns 


(DP-32) 


HM628128LP-8 


85 ns 


HM628128LP-10 


100 ns 




HM628128LP-12 


120 ns 




HM628128FP-7 


70 ns 




HM628128FP-8 


85 ns 




HM628128FP-10 


100 ns 


525 mil 32-pin 


HM628128FP-12 


120 ns 


Dlastic SOP 


HM628128LFP-7 
HM628128LFP-8 


70 ns 
85 ns 


(FP-32D) 


HM628128LFP-10 


100 ns 




HM628128LFP-12 


120 ns 





Note: The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding 
specifications. 



m\2 1 

A16Q 2 
A14[^ 3 
A12[[ 4 
A7Q 5 
A6[[ 6 
ASH 7 
A4Q 8 
A3[] 9 
A2Q 10 

A1 L n 

AOQ 12 

l/OOQ 13 

1/01 [] 14 

I/02Q 15 

VssC 16 



(Top View) 



32 D Vcc 

31 ^ A15 

30 H CS2 

29 U WE 

28 Z\ A13 

27 Jm 

26 H A9 

25 U All 

24 U OE 

23 ] A10 

22 ^ CSf 

21 H 1/07 

20 ] 1/06 

19 H 1/05 

18 H 1/04 

17 ]] 1/03 
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HM6281 28 Series 



Pin Description 



Pin Name 


Function 


AO- 


A16 


Address 


I/OO 


-iyo7 


Input/output 


CSl 




Chip select 1 


CS2 




Chip select 2 


WE 




Write enable 


OE 




Output enable 


NC 




No connection 


Vec 




Power supply 


Vss 




Ground 



Blocic Diagram 



A6 
A5 




Memory Matrix 
512X2.048 



Input 
Data 
Control 



Column Decoder 



A8 iA9 All A10 AO A1 A2 A3 I 




"-^ 



Timmg Pulse Gen 



Read/Write Control 



Function Tabie 



Note: 



X : H or L 



•WE 


CSl 


CS2 


OE 


Mode 


Vec Current 


Dout Pin 


Ref. Cycle 


X 


H 


X 


X 


Not selected 


ISB, ISBl 
ISB, ISBl 


High-Z 
High-Z 




X 


X 


L 


X 




H 


L 


H 


H 


Output disable 


Ice 


High-Z 




H 


L 


H 


L 


Read 


Ice 


Dout 


Read cycle 


L 


L 


H 


H 


Write 


Ice 
Ice 


Din 
Din 


Write cycle (1) 


L 


L 


H 


L 


Write cycle (2) 
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HM6281 28 Series 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


Vt 


-0.5*Uo+7.0 


V 


Power dissipation 


Pt 


1.0 


W 


Operating temperature 


Topr 


to +70 


°c 


Storage temperature 


Tstg 


-55 to +125 


*^c 


Storage temperature under bias 


Tbias 


-10 to +85 


''C 




Note: * 1 . -3.0 V for pulse half -width < 30 ns 



Recommended DC Operating Conditions ( Ta = to +70''C ) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 




Vss 











V 




Input high (logic 1) voltage 


Vh 


2.2 


— 


6.0 


V 




Input low (logic 0) voltage 


ViL 


-0.3'^ 


— 


0.8 


V 





Note: * 1 . -3.0 V for pulse half -width < 30 ns 



DC Characteristics ( Ta = 


= to +70°C, VCC = 5 V ± 10%, 


VSS = 


OV) 




Item 






Symbol Min Typ*^ 


Max 


Unit 


Test Conditions 


Input leakage current 






IIliI — — 


2 


^A 


Vin = Vss to Vcc 


Output leakage current 






IIloI — — 


2 


^lA 


CSl = VDiorCS2 = ViLor 
OE = Vm or WE = Vil, 
Vvo= Vss to Vcc 


Operating power supply current: 


DC 


Ice — 15 


30 


mA 


CSl=ViL,CS2 = Vni, 
others = WmfViL 
Ii/o= mA 



Icci — 45 70 mA 



Operating power supply current 



Min cycle, duty = 100%, 
CST - Vil, CS2 - Vm, 
others = VitiA^iL 
Ii/o = mA 



Icc2 — 15 30 mA 



Cycle time = 1 |xs, 

duty = 100%, Ii/o = mA 

CST < 0.2 V, CS2 >Vcc- 0.2 V 

Vnt > Vcc -0.2V, Vil < 0.2V 



Standby power supply current: DC Isb 



mA CSl = Vin,CS2 = Voi 
or CS2 = Vil 



— 0.02 



Standby power supply current (1): DC Isbi 



2'^ 100*^ 



mA Vin > V 

CST> Vcc- 0.2 V, 

"mA CS2 > Vcc - 0.2 V or 
V < CS2 < 0.2 V 



Output low voltage 


Vol 


— 


0.4 


V 


IoL = 2.1 mA 


(Xitput high voltage 


VOH 


2.4 


_ 


V 


Ion = -1.0 mA 



Notes: *1. Typical values are at Vcc = 5.0 V, Ta = +25 °C and specified loading. 
♦2. This characteristics is guaranteed only for L-version. 
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HM6281 28 Series 



Capacitance ( Ta = 25X, f = 1.0 MHz ) 












Item Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input capacitance Cin 


— 




8 


pF 


Vin = OV 


Input/output capacitance Ci/o 


— 


— 


10 


pF 


Vvo = V 



Note: This parameter is sampled and not 100% tested. 



AC Characteristics ( Ta = to +70°C, Vcc = 5 V ± 10%, unless otherwise noted ) 
Test Conditions 

• Input pulse levels: 0.8 V to 2.4 V 

• Input rise and fall times : 5 ns 



Input and output timing reference levels: 1 .5 V 
Output load: 1 TTL Gate and CL (100pF) 
(Including scope & jig) 



Read Cycle 



Item 


Symbol 


HM628 128-7 


HM628 128-8 


HM628128-10 


HM628128-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read cycle time 


tRC 


70 


— 


85 


— 


100 


— 


120 


— 


ns 




Address access time 


tAA 


— 


70 


— 


85 


— 


100 


— 


120 


ns 




Chip selection (CSl) 
to output valid 


tcoi 


— 


70 


— 


85 


— 


100 


— 


120 


ns 




Chip selection (CS2) 
to output valid 


tC02 


— 


70 


— 


85 


— 


100 


— 


120 


ns 




Output enable (OE) 
to output valid 


ton 


— 


35 


— 


45 


— 


50 


— 


60 


ns 




Chip selection (CSl) 
to output in low-Z 


tLZl 


10 


— 


10 


— 


10 


— 


10 


— 


ns 


♦l.'l. *3 


Chip selection (CS2) 
to output in low-Z 


tLZ2 


10 


— 


10 


— 


10 


— 


10 


— 


ns 


*1.*2. *3 


Output enable (OE) 
to output in low-Z 


tOLZ 


5 


— 


5 


— 


5 


— 


5 


— 


ns 


*1.*2.*3 


Chip deselection (CSl) 
to output in high-Z 


DlZl 





25 





30 





35 





45 


ns 


■'l.*2. 'S 


Chip deselection (CS2) 
to output in high-Z 


tHZ2 





25 





30 





35 





45 


ns 


*1.*2.*3 


Output disable (OE) 
to output in high-Z 


tonz 





25 





30 





35 





45 


ns 


•l.*2. ^3 


Output hold from 
address change 


tOH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 
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HM6281 28 Series 



Read Timing Waveform*' 





tpc 














Address ^( 




) 


/ 
\ 












7 




^ WWWM 


^ ICOl 


Va 


v//// 


^ 




ttzi 














tc02 


tHZJ 






1" 








^^^ //////. 




7 


.V 


\\\\\\ 


' , to. 




tHZ2 




^ \\\\\\\\\\\^ 


. toLZ , 




V///// / 


< 






(X>0 






toHZ ^ 






^ Data Valid 


xx> 
















^toH^ 








Notes: *1. tHz and toHz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output 
voltage levels. 
*2. At any given temperature and voltage condition, tnz max is less than tLz min both for a given device and from device to device, 
*3. This parameter is sampled and not 100% tested. 
*4. WE is high for read cycle. 



Write Cycle 



Item 


Symbol - 


HM628128-7 


HM628128-8 


HM628128-10 


HM628128-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write cycle time 


twc 


70 


— 


85 


— 


100 


— 


120 


— 


ns 




Chip selection to 
end of write 


tew 


60 


— 


75 


— 


90 


— 


100 


— 


ns 




Address setup time 


tAS 





— 





— 





— 





— 


ns 




Address valid to 
end of write 


tAW 


60 


— 


75 


— 


90 


— 


100 


— 


ns 




Write pulse width 


tWP 


55 


— 


65 


— 


75 


— 


85 


— 


ns 




Write recovery time 


tWR 


5 


— 


5 


— 


5 


— 


10 


— 


ns 






10 


— 


10 


— 


10 


— 


15 


— 


ns 


*11 


Write to output 
in high-Z 


tWHZ 





25 





30 





35 





40 


ns 


*10 


Data to write time 
overlap 


tDW 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




Write hold from 
write time 


tDH 





— 





— 





— 





— 


ns 




Output active from 
end of write 


tow 


5 


— 


5 


— 


5 


— 


5 


— 


ns 


*10 
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HM6281 28 Series 



Write Timing Waveform (1) (OE Clock) 





twc 












Address ^^ 

tAW 


A 


'' V//// 


///^ 


/ 


tew*^ 




\\\\\\^ 








.,1 iCW m~ 

\ 7 




^ \\\\\\\\^ 


X- 


V/'/////// 








♦ 6 


twR** 




- /////, 


v/) 


'/? 


■ 




AWWWV 




«.$" 














^ / 


WE 


\ 


AW 


V//////// 


toH 








Dout \\\\\\\\\\^ 


'''" (X 


tow 


'"" 










)( XX 













Write Timing Waveform (2) (OE Low Fix) 


















twc 


. 




Address ^ 


' 




/ 


) 


L 
\ 




tcw-^ 


. 






OS, ^\y 


nWW 


V 7 


'//, 


V///// 








twR** 




csz y/^ 


^///// 


tAW 


v\\ 


\\\\\\\ 








twP*' 






WE 


. **^*' 


\\\^ 


\ ?\ 


/ 


toH 


•8 




1 


}^-l 




tow 


1 


.7 


Dout \\\\\^\\^\\^^^ 




/ \ 


)))))/')))))))) 




tow 


toH 




^ / 


^AA 


0.n <^ 


* 




*■ 


' 






^ \ ^ N N v\/\ 


j}))) 


/W 



















Notes : * 1 , A write occurs during the overlap of a low CS 1 , a high CS2 and a low WE. A write begins a t the latest transition among CS 1 
goi ng lo w, CS2 going high and WE going low. A write ends at the earliest transition among CSI going high, CS2 going low 
and WE going high, twp is measured from the beginning of write to the end of write. 

*2. lew is measured from the later of CSI going low or CS2 going high to the end of write. 

♦3. tAS is measured from the address val id to th e beg inning of write. 

*4. tWR is measured from the earliest of CSI or WE going high or CS2 going low to the end of write cycle. 

♦5. During this period, I/O pins are in the output state; therefore, the input signals of the opposite phase to the outputs must not 
be applied. 
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HM628128 Series 

*6. If CSl goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 

*7. Dout is the same phase of the latest written data in this write cycle. 

♦8. Dout is the read data of next address. 

*9. If CSl is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input signals of the opposite 

phase to the outputs must not be applied to them. 

*10. This parameter is sampled and not 100% tested. 

* 1 1 . This value is measured from CS2 going low to the end of write cycle. 



Low Vcc Data Retention Characteristics ( Ta = to -i-70°C ) 
(This characteristics is guaranteed only for L-version.) 

Item Symbol Min Typ Max Unit Test Conditions*^ 




Vcc for data retention Vdr 2.0 — — 



CS2> Vcc -0.2 V 
or V < CS2 < 0.2 V 
Vin>0V 



Vcc = 3.0V,Vin>0V 

n. . f . T 1 ^HM ..A CSl>Vcc-0.2V, 

Data retention current Iccdr — 1 50 ' LiA 

CS2>Vcc-0.2Vor 

0V<CS2<0.2V 

Chip deselect to data retention time tcDR — — ns « t^ • at, r- 

See Retention Waveform 

Operation recovery time tR 5 — — ms 
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Low Vcc Data Retention Timing Waveform (1) (CSl Controlled) 










^ tcDR ^ . r\^^^ ps-»-_»:-_ ti^J^ ^1 . U . 




Vcc 




- Udid nwitfiiuuii iviuuw 






4 5V -< 


\ 


/ 




3.3V J 




k / 






/ 


V Ja 




\ 


V,^D, J~ - 




\ / 






\ 




\ / 


CSl / 


CS1^Vcc-0.2V 









Low Vcc Data Retention Timing Waveform (2) (CS2 Controlled) 



Data Retention Mode- 




Notes: ♦!. 20 pA max at Ta=0 to 40°C^ 

*2. CS2 controls a ddre ss bu ffer, WE buffer, CSl buffer and OE buffer and Din b uffer. If CS2 controls data letention mode, Vin 
levels (address, WE, OE, CSl, I/O) can be in the high impedance state. If CSl controls data retention mode, CS2 must be CS2 
> Vcc- 0.2 V or V < CS2 < 0.2 V. The other input levels (address, WE, OE, I/O) can be in the high impedance state. 
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HM624256 Series 

4-Bit CI\/IOS Static RAIVI 



H[\/I624256 SERIES 

262144-WORD x 4-BIT HIGH SPEED CMOS STATIC 

The Hitachi HM624256 is a high speed 1M static RAM 
organized as 256-kword x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, employing CMOS 
process technology and high speed circuit designing technology. 
It IS most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for mam 
frame or 32-bit MPU. 

The HM624256, packaged in a 400-mil plastic SOJ is 
available for high density mounting. 

■ FEATURES 

• Single 5 V supply and high density 28-pin 
package (DIP and SOJ) 

• High speed: Fast access time 35/45 ns (max.) 

• Low power 

Operation: 350 mW (typ.) 
Standby: 100 fi\N (typ.) 

• Completely static memory: 

No clock or timing strobe required 

• Equal access and cycle time 

• Directly TTL compatible: All inputs and outputs 

■ ORDERING INFORMATION 



RAM 



Type No. 


Access Time 


Package 


HM624256P-35 


35 ns 


400 mil 


HM624256P-45 


45 ns 


28-pin 


HM624256LP-35 


35 ns 


Plastic DIP 


HM624256LP-45 


45 ns 


(DP28C) 


HM624256JP-35 


35 ns 


400 mil 


HM624256JP-45 


45 ns 


28-pin 


HM624256UP-35 


35 ns 


Plastic SOJ 


HM624256UP-45 


45 ns 


(CP-28D) 



I PIN DESCRIPTION 



Pin Name 


Function 


Ao-Ai7 


Address 


1/0,-1/04 


Input/Output 


CS 


Chip Select 


OE 


Output Enable 


WE 


Write Enable 


Vcc 


Power Supply 


Vss 


Ground 




(DP-28C) 



^ 



(CP-28D) 



PIN ARRANGEMENT 




(DIP and SOJ) | 




Top View 




AoE 


1 28 


U Vcc 


AlE 


2 27 


H Ai7 


A2E 


3 26 


I]A16 


AaC 


4 25 


IIA15 


A4E 


5 24 


^] A14 


AsC 


6 23 


H Ai3 


AeE 


7 22 


DA12 


A7E 


8 21 


H A11 


AsE 


9 20 


:]Nc 


A9E 


10 19 


3 1/01 


A10C 


11 18 


U 1/02 


cs{Z 


12 17 


U 1/03 


oeC 


13 16 


H 1/04 


vssE 


14 15 


HWE 









Note: The specifications of this device are subject to change without notice 

Please contact your nearest Hitachi's Sales Dept. regarding specifications 
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BLOCK DIAGRAM 




I FUNCTION TABLE 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


IsB. IsBi 


High-Z 


- 


L 


L 


H 


Read 


Ice 


Dout 


Read CycIe(')-<3) 


L 


H 


L 


Write 


Ice 


D.„ 


Write Cycled ') 


L 


L 


L 


Write 


Ice 


D,n 


Write Cycle(2) 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Voltage on any Pin Relative to Vss 


Vt 


-0.5*1 to +70 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature Range 


Topr 


Oto +70 


°C 


Storage Temperature Range 


Tstg 


-55 to + 125 


°c 


Storage Temperature Range Under Bias 


Tb.as 


-10 to +85 


°c 



*1 Vt mm = -2 V for pulse width :S 10 ns 
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- HM624256 Series 



■ RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70*'C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input High (Logic 1) Voltage 


V,H 


2.2 


- 


6.0 


V 


Input IjOw (Logic 0) Voltage 


V,L 


-0.5*' 




0.8 


V 




NOTE: *1 V,L min = -2 V for pulse width < 10 ns 

■ DC CHARACTERISTICS (Ta = to -I-70X, Vcc = 5 V ± 10%, Vgs = V) 



Item 


Symbol 


Min. 


Typ.*' 


Max. 


Unit 


Test Conditions 


Input Leakage Current 


Hul 


- 


- 


2.0 


/xA 


Vcc - "lax. 
V,„ = VsstoVcc 


Output Leakage Current 


HloI 


- 


- 


2.0 


/.A 


CS = V,H 

Vout = VsstoVcc 


Operating Power Supply Current 


Ice 


- 


70 


120 


mA 


CS = V,L,Iou, =0mA, 
min. cycle 


Standby Power Supply Current 


ISB 


- 


30 


60 


mA 


CS = VjH, min. cycle 


Standby Power Supply Current (1) 


ISB.*^ 
ISB.*^ 


— 


0.02 


2.0 
0.2 


mA 
mA 


CS > Vcc - 0.2 V 
V < V,n < 0.2 V or 
V.„> Vcc -0.2V 


Output Low Voltage 


Vol 


- 


- 


0.4 


V 


loL = 8 mA 


Output High Voltage 


Vqh 


2.4 


- 


- 


V 


loH = -4.0 mA 



NOTES: *1 Typical limits are at V^-c = 5 V, T^ = 25°C amd specified loading 
*2 JP-version 
*3 UP- version 

■ CAPACITANCE (Ta = 25°C, f = IMHz) 



Item 


Symbol 


Mm. 


Max. 


Unit 


Test Conditions 


Input Capacitance 


C.n 


- 


6 


pF 


v,„ = ov 


Input/Output Capacitance 


Ci/o 


- 


11 


PF 


V,/o = OV 



NOTE: 1 This parameter is sampled and not 100% tested 

■ AC CHARACTERISTICS (Ta = to +70°C, Vcc = 5 V 
Test Conditions 

. • Input pulse levels: Vss to 30 V 
• Input rise and fall times: 5 ns 



±10%, unless otherwise noted.) 

• Input and output timing reference levels: 1.5 V 

• Output load: See Figures 



Output Load (A) 

+ 5V 



Dout O- 



255Q; 



480Q 



; 30pF* 



Output Load (B) 
(for tcHZ' k:LZ' *whz * km) 
+5V 



. 480Q 



7fr 



5pF* 



777 



NOTE: ^Including scope & jig 
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HM624256 Series - 
■ Read Cycle 



Item 


Symbol 


HM624256-35 


HM624256-45 


Unit 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


35 


- 


45 


- 


ns 


Address Access Time 


tAA 


- 


35 


- 


45 


ns 


Chip Select Access Time 


tACS 


- 


35 


- 


45 


ns 


Chip Selection to Output in Low-Z 


tcLZ*' 


10 


- 


10 


- 


ns 


Output Enable to Output Valid 


tOE 


- 


18 


- 


23 


ns 


Output Enable to Output in Low-Z 


toLZ*' 





- 





- 


ns 


Chip Deselection to Output m High-Z 


tCHZ*' 





20 





20 


ns 


Chip Disable to Output in High-Z 


toHZ*' 





10 





15 


ns 


Output Hold From Address Change 


toH 


5 


- 


5 


- 


ns 


Chip Selection to Power Up Time 


tpu 





- 





- 


ns 


Chip Deselection to Power Down Time 


tpD 


- 


30 


- 


30 


ns 



Read Timing Waveform (1) *i 



X 



Y 



Read Timing Waveform (2) *1. *2, *3, "5 



}( 



toE 



Ucs 



XX 



)C 



L 



r 




tpHZ 



w- 



Yk 



n 
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- HM624256 Series 



Read Timing Waveform (3) *1. *2, *4, *5 



\ 



/ 



tACS 



tsmx 




> 



NOTES: *1 Transition is measured ±200 mv from steady state voltage with Load (B) This parameter is sampled and not 100% u 

*2 WE is high for read cycle 

*3 Device is continuously selected, CS = Vjl 

*4 Address valid prior to or coincident with CS transition low 

*5 OE = ViL 

■ Write Cycle 



Item 


Symbol 


HM624256-35 


HM624256-45 


Unit 


Min. 


Max. 


Min. 


Max 


Write Cycle Time 


twc 


35 


- 


45 


- 


ns 


Chip Selection to End of Write 


tew 


30 


- 


40 


- 


ns 


Address Valid to End of Write 


Uw 


30 


- 


40 


- 


ns 


Address Setup Time 


tAS 





- 





- 


ns 


Write Pulse Width 


twp 


30 


- 


35 


- 


ns 


Write Recovery Time 


twR 


3 


- 


3 


- 


ns 


Output Disable to Output in High-Z*' 


tOHZ 





10 





15 


ns 


Write to Output in High-Z*' 


twHZ 





10 





15 


ns 


Data to Write Time Overlap 


tow 


20 


- 


25 


- 


ns 


Data Hold From Write Time 


toH 





- 





- 


ns 


Output Active From End of Write* • 


tow 


^ 


- 





- 


ns 



NOTE: 1 Transition is measured ± 200 mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested 

Write Timing Waveform (1) 

twc 



}( 



7' 



CS 



}( 



Y~ 



^V 



)))))))))^ 



twp 



m 



/ 



XEX 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



273 



HM624256 Series - 



Write Timing Waveform (2) *6 



cs 



3( 



...A 



\. 



)( 



:l 



B 



7 



mm 



>^EX 



NOTES: *1 Transition is measured ±200 mV from high impedance voltage with Load (B) This parameter is sampled and not 100% tested 

*2 A write occurs during the overlap (twp) of a low CS and a low WE 

*3 twR «s measured from the earlier of CS or WE going high to the end of write cycle 

*4 During this period, I/O pins are in the output state so that the input signals of the opposite phase to the outputs must not be applied 

*5 If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a high impedance state 

*6 OE IS continuously low (OE = Vil) 

*7 DouT «s the same phase of write data of this write cycle 

*8 DouT 's the read data of next address 

'"9 If CS IS low during this period, I/O pms are the output state Then the data input signals of opposite phase to the outputs must not be applied to them 



(DP-28C) 



28 35 56max(1 400max) 15 

nnnnnnn nnnnn, 



o 




(0 035) (0 051) 






(0 100±0 010) (0 019±0 004) ~ - 0°-^;s- 






(CP-28D) 




' 


11 74 14 
■" 70 029) 


/_„„___ 




Wo ,0(0 004)1 ifflMm 

(SEATING PLANE) .||, 

43±0 10 
(0 0I7±0 004) 


'^?[l_i7(0 050)1 
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HIVI624257 Series 

4-Bit CI\/IOS Static RAIVI 

HM624257 SERIES 

262144-WORD x 4-BIT HIGH SPEED CMOS STATIC RAM 

The Hitachi HM624257 is a high speed 1 M static RAM 

organized as 256-kword x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, employing the 
advanced CMOS process technology and high speed circuit 
designing technology. It is most advantageous for the field where 
high speed and high density memory is required, such as the 
cache memory for main frame or 32-bit MPU. 

The HM624257, packaged in a 400-mil plastic SOJ is available 
for high density mounting. 

■ FEATURES 

• Single 5 V supply and high density 32-pin package (SOJ) 

• High speed: Access time 35/45 ns (max.) 

• Low power dissipation 

Active mode: 350 mW (typ.) 
Standby: 100 /tW (typ.) 

• Completely static memory: 

No clock or timing strobe required 

• Equal access and cycle time 

• Directly TTL compatible: All inputs and outputs 



Under Development 





I ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM624257JP-35 
HM624257JP-45 


35 ns 
45 ns 


400 mil 
32-pin 


HM624257LJP-35^ 
HM624257UP-45 


35 ns 
45 ns 


Plastic SOJ 
(CP-32D) 



I PIN DESCRIPTION 



Pin Name 


Function 


A0-A17 


Address 


1,-14 


Data Input 


1,-04 


Data Output 


CS 


Chip Select 


WE 


Write Enable 


Vcc 


Power Supply 


Vss 


Ground 



PIN ARRANGEMENT | 




Top View 




NC \Z 


1 32 


Hvcc 


AoE 


2 31 


H Ai7 


AlE 


3 30 


IIA16 


A2E 


4 29 


I|Ai5 


A3C 


5 28 


I]A14 


A4E 


6 27 


IIA13 


AsE 


7 26 


I] A12 


AeE 


8 25 


H A11 


A7C 


9 24 


DNC 


A8E 


10 23 


DM 


AsE 


11 22 


D'2 


A10E 


12 21 


3 0^ 


uE 


13 20 


DO2 


13 E 


14 19 


I]03 


csE 


15 18 


I]04 


vssE 


16 17 


I] WE 
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I BLOCK DIAGRAM 




I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Voltage on any Pin Relative to V^s 


V,n 


-0.5*' to +7.0 


V 


Power Dissipation 


Pt 


10 


w 


Operating Temperature Range 


Topr 


Oto +70 


°c 


Storage Temperature Range 


Tstg 


-55 to + 125 


°c 


Storage Temperature Range Under Bias 


Tb,as 


-10 to +85 


°c 



* 1 V,„ mm = -2 V for pulse width < 10 ns 



I FUNCTION TABLE 



cs 


WE 


Mode 


Vcc Current 


Dou. Pin 


Ref. Cycle 


H 


X 


Not Selected 


IsB' IsBi 


High-Z 


- 


L 


H 


Read 


Ice 


Dout 


Read Cycle('>-<2) 


L 


L 


Write 


Ice 


High-Z 


Write Cycled 'H2) 
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I RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70°C) 



HM624257 Series 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input High (Lx)gic 1) Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low (Logic 0) Voltage 


ViL 


-0.5*' 


- 


0.8 


V 




NOTE: *1 V,Lmin = -2 V for pulse width < 10 ns 



DC CHARACTERISTICS (Ta = to +70°C, Vcc = 5 V ± 10%, Vss = V) 



Item 


Symbol 


Min. 


Typ.*' 


Max. 


Unit 


Test Conditions 


Input Leakage Current 


UliI 


- 


- 


2.0 


/xA 


Vcc = rn^x. 

V,n = Vsst0Vcc 


Output Leakage Current 


UloI 


- 


- 


10.0 


mA 


CS = V,H 

Vi/o = VsstoVcc 


Operating Power Supply Current 


Ice 


- 


70 


120 


mA 


CS = V,L, I,/o = mA, 
mm. cycle 


Standby Power Supply Current 


ISB 


- 


30 


60 


mA 


CS = VjH, mm. cycle 


Standby Power Supply Current (1) 


ISBI 


— 


0.02 


2.0 


mA 


CS > Vcc - 0-2 V 

V < V,n < 0.2 V or 
V,> Vcc -0.2V 


Output Low Voltage 


Vol 


- 


- 


0.4 


V 


loL = 8 mA 


Output High Voltage 


VOH 


2.4 


- 


- 


V 


loH = -4.0 mA 



NOTE: 1 Typical limits are at V^c = 5 V, T^ = +25°C and specified loading 

■ CAPACITANCE (Ta = 25°C, f = IMHz) 



Item 


Symbol 


Min. 


Max. 


Unit 


Test Conditions 


Input Capacitance 


C,n 


- 


6 


pF 


V,n=OV 


Output Capacitance 


^out 


- 


11 


pF 


Vout=OV 



NOTE: 1 This parameter is sampled and not 100% tested 
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■ AC CHARACTERISTICS (Ta = to +70°C, Vcc = 5 V ± 10%, unless otherwise noted.) 
Test Conditions 



• Input pulse levels: Vss to 3.0 V 

• Input rise and fall times: 5 ns 



• Input and output timing reference levels: 1.5 V 

• Output load: See Figures 



Output Load (A) 
5V 



Output Ijoad (B) 
(for tcHZ' ^CLZ' ^WHZ & km) 
5V 



rZ 30|)F* 



PTT 



77Z 



NOTE: *Including scope & jig 



I Read Cycle 



Item 


Symbol 


HM624257-35 


HM624257-45 


Unit 


Mm. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


35 


- 


45 


- 


ns 


Address Access Time 


tAA 


- 


35 


~ 


45 


ns 


Chip Select Access Time 


Ucs 


- 


35 


- 


45 


ns 


Output Hold From Address Change 


toH 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low-Z 


ILZ" 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High-Z 


IHZ*' 





20 





20 


ns 


Chip Selection to Power Up Time 


tpu 





- 





- 


ns 


Chip Deselection to Power Down Time 


tpD 


- 




- 


30 


ns 



NOTE: 1 Transition is measured ± 200 m V from steady voltage with Ijoad (B) 
This parameter is sampled and not 100% tested 
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Read Timing Waveform (1) *i» *2 



X 



X 



><XEEEX>< 



HM624257 Series 




>c 



Read Timing Waveform (2) *i' *3 



Vcc supply 



\ 


Ihc 


/ 


/ 








Iacs 




iHZ 






't/ 








"Uyyy\/\/\ 


^ DaU Valid 


\ 






\AAAAAy 


y 


lance 




hu 








High Impe 












Ice 


/ 


50% 






\ 

50% \ 



NOTES: *! WE is high for read cycle 

*2 Device is continuously selected, CS = Vjl 

*3 Address valid prior to or coincident with CS transition low 



I Write Cycle 



Item 


Symbol 


HM624257-35 


HM624257-45 


Unit 


Mm. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


35 


- 


45 


- 


ns 


Chip Selection to End of Write 


tew 


30 


- 


40 


- 


ns 


Address Valid to End of Write 


Uw 


30 


- 


40 


- 


ns 


Address Setup Time 


tAS 





- 





- 


ns 


Write Pulse Width 


twp 


30 


- 


35 


- 


ns 


Write Recovery Time 


twR 


3 


- 


3 


- 


ns 


Data Valid to End of Write 


tow 


20 


- 




- 


ns 


Data Hold Time 


bH 


3 


- 


3 


- 


ns 


Write Enabled to Output in High-Z 


twz*' 





15 





20 


ns 


Output Active From End of Write 


tow*^ 


5 


- 


5 


- 


ns 



NOTE: 1 Transition is measured ±200 mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested 
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Write Timing Waveform (1) (WE Controlled) 



}C 



- <xxxxxxx>xxxxx^^^ 



:>( 



/ 



V 



((((((((((( ^ 



7 



r 



>S5XXEXX 



uy5(n 



Write Timing Waveform (2) (CS Controlled) 





^ iivc 






Address , 


( 


\ 


/ 
\ 




'.- 








<^s 


lew 


- '-" . 












\ 


/ 




CS 


Iwp" 


/ 




- \\\\\\\V 


\ 


/ 


V/// 


VXXX/ 




hw 


/dh 
















..- xxxxxxxxyxxx^ 


(^ Data in Valid 


\ 
/ 


(X 


XXXXX 


Dout .- .... 




High Impc 


1 1 

danre" 





NOTES: * 1 A write occurs during the overlap of a low CS and a low WE 

*2 twR IS measured from the earlier of CS or WE going high to the end of write cycle 

*3 If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output buffers remain in a high impedance state 

*4 DoUT IS the same phase of write data of this write cycle 
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HM624257 Series 



I Low Vcc Data Retention Characteristics (Ta = to +70*'C) 



Item 


Symbol 


Min 


Typ. 


Max. 


Unit 


Test Conditions 


Vcc for I^ata Retention 


Vdr 


2 


- 


- 


V 




Data Retention Current 


ICCDR 


- 


2 


100*> 


M 


CS > Vcc - 0-2 V, 
V,n ^ Vcc - 0-2 V or 
V < V,n < 0.2 V 


Chip Deselect to Data Retention Time 


tCDR 





- 


- 


ns 


Operation Recovery Time 


tR 


5 


- 


- 


ms 






*! Vcc = 30V 



Low Vcc Data Retention Timing Waveform 




DaU Retention Mode. 
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HM624257 Series 



(CP-32D) 



\^\0 10(0 004)| 
.SEATING PLANE' 



21 08(0 830) max 






1 ; 

2 + 






T" """ ""||"o"74"6 
(0 0?9) 


^mmmmmi^J^ 


Ofl^loiO ;/|l 27(0 050)1 



• 



2 4!g '3^ 



(0 094!° g°5) 
63(0 025)MIN 
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HM66204 Series 

131072-word x 8-bit High Density CMOS Static RAM Module 

The HM66204 is a high density 1 M-bit static RAM module 
consisted of 4 pieces of HM62256FP/LFP products (SOP type 
256k static RAM) and a HD74HC138FP equivalent product (SOP 
type CMOS decoder logic). 

An outline of the HM66204 is the standard 600 mil width 32 
pin dual-in-line package. Its pin arrangement is completely com- 
patible with 1 M-bit monolithic static RAM. 

The HM66204 offers the features of low power and high speed 
by using high speed CMOS devices. And, the HM66204 makes 
high density mounting possible with no surface mount technolo- 
gy- 

These features make the HM66204 ideally suited for high 
density compacted memory systems. 

Features 

• High density 32 pin DIP 

— Mounting 4 pes. of 256k static RAM (SOP; HM62256FP/ 
LFP) and CMOS decoder logic (SOP; HD74HC138FP 
equivalent) 

• Pin compatible with 1M monolithic static RAM 

• High speed 

— Fast access time 120 ns/150 ns (maximum) 

• Equal access and cycle time 

• Completely static RAM 

— No clock or timing strobe required 

• Low power standby and low power operation 
-Standby 40 juW (typical) (L-version) 
-Operation 50 mW (typical) (f = 1 MHz) 

• Common data input and output, three state outputs 

• Capable of battery backup operation (L-version) 

Ordering Information 



Maintenance Only 



Part No. 



Access Time 



Package 



HM66204-12 
HM66204-15 



120 ns 
150 ns 



HM66204L-12 
HM66204L-15 



120 ns 
150 ns 



600-mil 32-pin DIP 



Absolute Maximum Ratings 


Item 


Symbol 


Rating 


Unit 


Voltage on any pin relative to Vss 


Vt 


-0.5 to +7.0 


V 


Operating temperature range 


Topr 


to +70 


^C 


Storage temperature range 


Tstg 


-55 to +125 


°c 


Storage temperature range under bias 


Tbias 


-10 to +85 


°c 


Power dissipation 


Pt 


1.0 


w 



(DM-32A 




Pin Arrangement 



NC|T 


W 


32|Vcc 


A16[T 




3i]a15 


A14[T 




3o]NC 


A12[T 




29] WE 


A7[r 




ii] A13 


A6[T 




27| A8 


A5[T 




26] A9 


A4[T 




is] All 


A3[T 




24]^ 


A2[lO 




H AlO 


Al[lT 




Ics 


A0[l2 




2l] 1/08 


I/0l[l3 




20] 1/07 


1/02 [h 




iU 1/06 


1/03 [J5 




18| 1/05 


1^5.(16 




it] 1/04 




(Top View) 





Pin Description 



Pin Name 


Function 


AO - A16 


Address 


I/Ol - 1/08 


Input/Output 


CS 


Chip Select 


OE 


Output Enable 


WE 


Write Enable 


vcc 


Power Supply 


Vss 


Ground 


NC 


No Connection 
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HM66204 Series- 



Block Diagram 



Mode Selection 



AO AU@- 
A15(§>- 



CS @ 



OE @>- 



-^(^ Iss 



*1 RAM No 1 -No 4 HM62256FI' LhP 
♦ 2 CMOS I)<( Oder HI)74H(138FPor 
il> equivalent 



Mode 


CS 


WE 


OE 


I/O 


Current 


Note 




Not selected (Power down) 


H 


X 


X 


High-Z 


ISB. ISBl 






Read 


L 


H 


L 


Dout 


Ice 


Read cycle (1) - 


-(3) 



Write 



Din 



Ice 



Write cycle (1) 



Din 



Ice 



Write cycle (2) 



Note) X = Don't care (H or L) 



Electrical Characteristics 

Recommended DC OperatinQ Conditions (Ta = to +70° C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 




Vcc 


4.5 


5.0 


5.5 


V 






Vss 











V 




Input high (logic 1) Voltage 


V. . , 


3.85*» 


- 


6.0 


V 


A15, A16,CS 


^IH 


2.2 


- 


6.0 


V 


Others except A15,A16,CS 


Input low (logic 0) Voltage 


ViL 


-^.5 


- 


0.8 


V 




Note) * 1. VjH min is determined by Vcc ^ 0.7. 
DC Characteristics (Ta = to +70°C, Vqc = 5V ± 


10%,Vss = 0V) 








Parameter 


Symbo 


Min 


Typ*i 


Max 


Unit 


rest Conditions Notes 


Input leakage current 


UliI 


- 


- 


8 


mA F,„ 


= Vss to Vcc 


- 


- 


2 


mA Vfr^ 


= Vss to 3.5V 



8 nA 



Output leakage current 



HloI 



CS = VjH or OE = K//^ 
Vi/o=VsstoVcc 



2 mA 



CS = ViH or OE = Vjfj 

Vj/o- Vss to 3.5W 



Operating power supply current; DC 


icc 


- 


10 


25 


mA 


CS = ViL 
Ij/O = 0mA 




Average operating power supply 


icci 


- 


37 


80 


mA 


MIN. cycle duty = 100% 
Il/O = 0mA 


-12 


current (1) 


- 


35 


80 


-15 


Average operating power supply 
current (2) 


ICC2 


- 


10 


15 


mA 


CS = ViL,ViH = Vcc 
ViL=OV,Ii/o = OmA 
f = IMHz 




Standby power supply current: DC 


ISB 


- 


2 


12 


mA 


CS = ViH 




Standby power supply current 
(1): DC 


ISBl 


- 


8 
0.16 


400 
8 


mA 
mA 


CS>Vcc-0.2V 
A15«A16> Vcc -0.2V 
orOV^A15«A16^0.2V 


HM66204L 

Series 


Output low voltage 


Vol 


- 


- 


0.4 


V 


lOL = 2.1 mA 




Output high voltage 


VOH 


2.4 


- 


- 


V 


Iqh = -1 .0 mA 





Note) *l . Typical values are at Vcc = 5.0V, Ta = +25°C and specified loading. 
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-HM66204 Series 



Capacitance (Ta = 25°C, f=lMHz) 
Parameter 
Input capacitance 



Symbol Min Typ Max Unit 



Test Conditions 



Cin 



45 



pF 



Vin = OV 



Input/output capacitance 



Cl/O 



50 



pF 



n/o 



= ov 




Note) This parameter is sampled and not 100% tested. 



AC Characteristics (Ta 

AC Test Conditions 
• Input pulse levels: 

0.8V to 4.0V. .. 

0.8V to 2.4V. . . 

Read Cycle 



^ to +70°C, Vcc = 5V ± 10%, unless otherwise noted) 



C5, A15, A16 
Other pin except C^, 
A15, A16 



• Input rise and fall times: 5 ns 

• Input and output timing reference level: 1 .5V 

• Output load: 1 TTL Gate and Cl dOOpF) 

(Including scope & jig) 



Parameter 


Symbol 


HM66204.12 


HM66204-15 




min 


max 


min 


max 




Read cycle time 


tRC 


120 


- 


150 


- 


ns 


Address access time 


tAA 


- 


120 


- 


150 


ns 


Chip select access time 


^ACS 


- 


120 


- 


150 


ns 


Output enable to output valid 


tOE 


- 


60 


- 


70 


ns 


Output hold from address change 


tOH 


10 


- 


10 


- 


ns 


Chip selection to output in low Z 


tCLZ 


10 


- 


10 


- 


ns 


Output enable to output in low Z 


tOLZ 


5 


- 


5 


- 


ns 


Chip deselection to output in high Z 


tCHZ 





40 





50 


ns 


Output disable to output in high Z 


tOHZ 





40 





50 


ns 



Read Cycle Timing No. 1 *^ 



Address 



OE 



tRC 



)Q 



)C 



tAA 



wwww^ 



:l- 



UB 



Dout 



\. 



tOE 



tOLZ 



-tCLZ- 



KSK 



Y 



JL 



'//////// 



tOH 



7////)(/// 



-tOHZ- 
-tCHZ- 



Data Valid 



m 



Read Cycle Timing No. 2*^ •*2.* 


4 
















tRC 




Address \ 


C 


tAA 




\ 

toH 


— 


tOH 








Dout \ 


(XXXXXX) 


{ Data Valid 


\ 


7- 
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HM66204 Series - 



Read Cycle Timing No. 3 



*1 , *3, *^ 



ns — \ 

Dout 














V 


/ , 


— 


... tACS " 

tCLZ 








/\AAA 


/ 


Data Valid 


\ 




\Kw\ 




/ 



Notes) *1. WE is high for read cycle. 

*2. Device is continuously selected, Q^ = Vjl- 

*3. Address should be valid prior to or coincident with CS transition low. 

*4. OE = ViL. 



Write Cycle 



Parameter 


Symbol 


HM66204-12 


HM66204-15 


TT_ix 


min 


max 


min 


max 




Write cycle time 


twc 


120 


- 


150 


- 


ns 


Chip selection to end of write 


tcw 


100 


- 


120 


- 


ns 


Address valid to end of write 


tAW 


100 


- 


120 


- 


ns 


Address setup time 


tAS 





- 





- 


ns 


Write pulse width 


tWP 


90 


- 


110 


- 


ns 


Write recovery time 


tWR 


5 


- 


5 


- 


ns 


Write to output in high Z 


tWHZ 





40 





50 


ns 


Data to write time overlap 


tow 


50 


- 


60 


- 


ns 


Data hold from write time 


tDH 





- 





- 


ns 


Output disable to output in high Z 


tOHZ 





40 





50 


ns 


Output active from end of write 


tow 


5 


- 


5 


- 


ns 



Write Cycle Timing No. 1 (5E Clock) 



Address 

OE 
CS 



3C 



Z7 



WE 



Dout 



Din 



twc 



X 



^twR*^-' 



\ 



tew 



-tAS- 



JL. 



)f77777Z 



tOHZ*^ 



tAW 



^SSl 



)))))))))) 



/ 



twp*i 



m. 



tpw 



tOH 



M 
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-HM66204 Series 



Write Cycle Timing No. 2*^ (51 Low Fixed) 



Address 



C5 



WE 



Dout 



Din 



)C 



5S 



twc 



)C 



xw^ 



tew 



id 



tAW 



::^ss 



N 



twp* 



:^ 



y 



tWHZ 



* 3 



))))))))))))) \ 



tow 



* 2 
twR 



•//////// 



tOH 



tow 



♦ 6 



*7 



tDH 



r 



^ 



* 8 




Notes) *1 . A write occurs during the overlap (t>vp) of a low CS and a low WE. 

*2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 
*3, During this period, I/O pins are in the output state. 

The input signals of opposite phase to the outputs must not be applied. 
*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 

outputs remain in a high impedance state. 
*5. OE is continuously low. (OE = Vjl) 

*6. Dout should be held in phase of the written data during this write cycle. 
*7. ^ouX *s *^® r®3d data of next address. 
*8. If CS is low during this period, I/O pins are in the output state. The input signals which are opposite to the 

output level should not be applied to I/O pins. 

Low Vqc Data Retention Characteristics (Ta = 0°C to +70° C) 
Data retention characteristics is guaranteed only for L version. 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 














CS > Vcc -0.2V 


Vcc for <i^ta retention 


Vdr 


2.0 


~ 


" 


V 


A15, A16> Vcc-0.2V 
orAlS, A16 <0.2V 














Vcc= 3.0V, CS> 2.8V 


Data retention current 


ICCDR 


~ 


— 


200 


mA 


A15-A16>2.8Vor 
0V^A15.A16^0.2V 


Chip deselect to data retention time 


tCDR 





- 


- 


ns 




Operation recovery time 


tR 


tRC*l 


- 


- 


ns 





Note) * 1 . tRc = ^ead Cycle Time. 

Low Vqc Data Retention Waveform 



vcc ^ 








L . .V 1 


4.D V 

2.2V ^ 

Vdr / 


iCDR 


\' L 


tK 


— 2.2V 




r_r " 


\ Vb/?^2.0V A 




^ / 


CSSl'cc-0.2V 


CS - — ' 




QV _ _ 
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HM66204 Series - 



Package Dimensions; Unit: mm (inch) 



47.50(1.870) 
C48.26inax.(1.900max.)] 



o 



o 



o 




O 



ss 



.4imHMHMHMaHHH^ 



4dHUhiHti]ili4^^ 




2.54(0.100) 



4.70(0.185) 



t5.08max.(0.200max.)) 



1.02(0.040) 



(0.014-0.023) 



/ 




(0.008-0.014 

15.24(0.600) 
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HM63921 -20/25/35 



— Product Preview 



2K X 9-Bit CMOS Parallel In-Out FIFO Memory 

■ DESCRIPTION 

The HM63921 is a First-ln, First-Out memory that utilizes a high 
performance static RAM array with internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and half-full flag, to prevent data overflow or underflow. 

Expansion logic warrants unlimited expansion capability in width 
and depth. Both read and write are independent from each other and 
their corresponding pointers are designed to select the proper loca- 
tions out of the entire array serially without address information to 
load or unload data. 

Data istoggled In and out of the device through the use of the write 
enable (W) and read enable (R) pins. The device has a read/write 
cycle time of 30/35/45ns. Organization of HM63921 provides a 9-bit 
data bus. the ninth bit could be used for control or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3micron technology. The device is available 
in DIP 

■ FEATURES 

• First-ln, First-Out Dual Port Memory 

• 2k X 9 Organization 

• Low-Power CMOS 1.3micron Technology 

• Asynchronous and Simultaneous Read and Write 

• Fully Expandable in Depth and/or Width 

• Single 5V (± 10%) Power Supply 

• Empty and Full Warning Flags 

• Half-Full Flag 

• Access Time 20/25/35ns 

• Package 300-mil 28-pin Plastic DIP Package 

■ ORDERING INFORMATION 



Type Name 


Access Time 


Package 


HM63921P-20 
HM63921P-25 
HM63921P-35 


20ns 
25ns 
35ns 


300-mil 28-pin 
Plastic DIP 
(DP-28NA) 




■ PIN ARRANGEMENT 










wc 


1 


28 


Hvcc 


DsE 


2 


27 


IID4 


D3E 


3 


26 


DD5 


D2C 


4 


25 


Hoe 


DlC 


5 


24 


3 07 


Don 


6 


23 


U FL/RT 


xiC 


7 


22 


Urs 


FF0 


8 


21 


Def 


QoC 


9 


20 


U XO/HF 


QiC 


10 


19 


DQ7 


Q2E 


11 


18 


Hoe 


QaC 


12 


17 


IIQ5 


QeC 


13 


16 


I]Q4 


VssC 


14 


15 


I]R 




(Top View) 





PIN DESCRIPTION 



Pin Name 


Function 


Do-Dg 


Data Inputs 


RS 


Reset 


W 


Write Enable 


R 


Read Enable 


FL 


First Load 


RT 


Retransmit 


XI 


Expansion-In 


XO 


Expansion-Out 


HF 


Half-Full Flag 


FF 


Full Flag 


EF 


Empty Flag 


Qo-Qs 


Data Outputs 
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BLOCK DIAGRAM 



DO D1 D2 D3 D4 D5 06 07 D8 



W 



Read 
Control 



RO- 



Read 
Control 



Data Input Buffer 



Write 
Pointer 



If M 'I 



Column Decoder 



Row 
Decoder 



Memory Array 
2048X9 



Row 
Decoder 



Column Decoder 



Flag 
Logic 



-O EF 
-O FF 



OO 01 02 03 04 05 06 07 D8 



Expansion 
Logic 



n 



XI XO/HF 



Read 
Pointer 



i. I, 



Reset 
Logic 



n 



RS FL/RT 
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HM63921 -20/25/35 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage(0 


Vt 


-0.5(2) to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


^opr 


Oto +70 


°c 


Storage Temperature 


Tstg 


-55 to +125 


°c 


Storage Temperature Under Bias 


Tbias 


-10 to +85 


°c 




NOTES: 1 . Relative to Vss- 

2. -3.5V for pulse width < 10ns. 

• Recommended DC Operating Conditions (T^ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


VlH 


2.2 


— 


6.0 


V 


ViL 


-0.5(1) 


— 


0.8 


V 



NOTE: 1. -3.0V for pulse width < 10ns. 



I DC CHARACTERISTICS (Ta = 0°C to +70°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


UliI 


Vcc = 5.5V, V,n = OV- Vcc 


— 


— 


2 


HA 


Output Leakage Current 


HloI 


R = ViH,Vout = OV-Vcc 


— 


— 


2 


tih 




Icci 


Average Operating Current 


-20 


— 


120 


mA 


Operating Power Supply Current 


-25 


— 


110 


mA 




-35 


— 


100 


mA 


Standby Power Supply Current 


ISBI 


R = W = RS = FL/RT = ViH 


— 


— 


10 


mA 


ISB2 


All inputs > Vcc - 0.2V or < Vcc 


— 


— 


1 


mA 


Output High Voltage 


VOH 


loH = -4mA 


2.4 


— 


— 


V 


Output Low Voltage 


Vol 


Iql = 8mA 


— 


— 


0.4 


V 



CAPACITANCE (T^ = 25°C, f = IMHz) 



Parameter 


Symbol 


Test Conditions 


Typ. 


Max. 


Unit 


Input Capacitance 


C.n 


V,n = OV 


— 


6 


pF 


Output Capacitance 


^out 


Vout = OV 


— 


10 


pF 



NOTE: 1. This parameter is sampled and not 100% tested. 

: 0°C to 70°C, Vcc = 5 ± 10%) 



■ AC CHARACTERISTICS (Ta 
• Test Conditions 

• Input Pulse Levels: Vss to 3.0V 

• Input and Output Timing Reference Level: 1.5V 



• Input Rise and Fall Times: 5ns 

• Output Load: See Figure 




♦Including scope and jig. 
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Read Cycle 



Parameter 


Symbol 


HM63921-20 


HM63921-25 


HM63921-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


30 


— 


35 


— 


45 


- 


ns 


Access Time 


tA 


- 


20 


- 


25 


- 


35 


ns 


Read Recovery Time 


tRR 


10 


— 


10 


— 


10 


— 


ns 


Read Pulse Width 


tRPW 


20 


— 


25 


— 


35 


- 


ns 


Read Low to DB Low Z 


tRLZ^l) 


5 


- 


5 


- 


5 


- 


ns 


Read High to DB High Z 


tRHZ^') 


— 


15 


— 


15 


— 


20 


ns 


Data Valid from Read High 


tOH 


3 


— 


3 


— 


3 


— 


ns 


Read Pulse Width After Empty Flag High 


tRPE 


20 


— 


25 


— 


35 


— 


ns 


Write High to DB Low Z 

(Read Data Flow Through Mode) 


tWLZ^l) 


3 


- 


3 


- 


3 


- 


ns 


NOTE: 1. tRLZ, tRHZ and twLZ are sampled and not 100% tested. 

• Write Cycle 


Parameter 


Symbol 


HM63921-20 


HM63921-25 


HM63921-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


30 


— 


35 


— 


45 


— 


ns 


Write Recovery Time 


tWR 


10 


— 


10 


— 


10 


— 


ns 


Write Pulse Width 


twpw 


20 


— 


25 


— 


35 


— 


ns 


Data Setup Time 


tDS 


10 


— 


15 


— 


20 


— 


ns 


Data Hold Time 


^DH 





— 





— 


5 


— 


ns 


Effective Write Pulse Width After 
Full Flag High 


twPF 


20 


- 


25 


- 


35 


- 


ns 


• Reset Cycle 


Parameter 


Symbol 


HM63921-20 


HM63921-25 


HM63921-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Reset Cycle Time 


tRSC 


30 


— 


35 


— 


45 


— 


ns 


Reset Pulse Width 


tRS 


20 


— 


25 


— 


35 


— 


ns 


Reset Setup Time 


tRSS 





— 





— 





— 


ns 


Reset Recovery Time 


tRSR 


10 


— 


10 


— 


10 


— 


ns 


• Retransmit Cycle 


Parameter 


Symbol 


HM63921-20 


HM63921-25 


HM63921-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Retransmit Cycle Time 


tRTC 


30 


— 


35 


— 


45 


— 


ns 


Retransmit Pulse Width 


tRT 


20 


— 


20 


— 


35 


— 


ns 


Retransmit Setup Time 


tRTS 





— 





— 





— 


ns 


Retransmit Recovery Time 


tRTR 


10 


- 


10 


- 


10 


- 


ns 
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• Flag Timing 



Parameter 


Symbol 


HM63921-20 


HM63921-25 


HM63921-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Reset to Empty Flag Low 


tEFL 


— 


20 


— 


25 


— 


35 


ns 


Reset to Full Flag High 


tpFH 


— 


20 


— 


25 


— 


35 


ns 


Reset to Half-Full Flag High 


tHFH 


— 


30 


— 


35 


— 


45 


ns 


Read Low to Empty Flag Low 


tREF 


— 


20 


— 


25 


— 


35 


ns 


Read High to Full Flag High 


^RFF 


— 


20 


— 


25 


— 


35 


ns 


Write High to Empty Flag High 


twEF 


— 


20 


— 


25 


— 


35 


ns 


Write Low to Full Flag Low 


twFF 


— 


20 


— 


25 


— 


35 


ns 


Write Low to Half-Full Flag Low 


twHF 


— 


30 


— 


35 


— 


45 


ns 


Read High to Half-Full Flag High 


tRHF 


— 


30 


— 


35 


— 


45 


ns 


• Expansion Timing 


Parameter 


Symbol 


HM63921-20 


HM63921-25 


HM63921-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Expansion in Setup to Write or Read 


tEFL 


— 


15 


— 


20 


— 


30 


ns 


Expansion in Recovery Time 


tRFF 


— 


15 


— 


20 


— 


30 


ns 


Expansion in Pulse Width 


tWHF 


10 


— 


10 


— 


10 


— 


ns 


Expansion Out High Delay From Clock 


tREF 


10 


— 


10 


— 


10 


— 


ns 


Expansion Out Low Delay From Clock 


tRFF 


10 


— 


10 


— 


15 


- 


ns 
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SIGNAL DESCRIPTIONS 
Inputs 

• Reset (RS) 

The device is reset whenever RS input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycteis required 
after power on. Both read enable (R) and write 
enable (W) inputs rnust be in the high state during 
reset. Empty flag (EF) will go low and full flag (FF) 
and half-full (HF) will go high during reset cycle. 

• Write enable (W) _ 
Write cycle isjnitiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set- 
up and hold time requirements relative to the ris- 
ing edge of (W) are met. Data is stored in the de- 
vice sequentially and independently of any simul- 
taneous read operation. To inhibit further write op- 
erations and prevent internal data overflow full 
flag (FF) will go low. 

• Read enable (R) _ 
Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of simulta- 
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
state, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
output kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (twEF)» 
thereafter a valid read can start. 

• First load/retransmit (FL/RT) 

For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to Vqc for cor- 
rect operation. In single device mode, this pin re- 
sets the read pointer to the beginning of the FIFO 
memory, therefore^ data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 

• Expansion-in (Xl) __ 
For single device mode expansion-in (XI) is 
grounded. For_ depth expansion mode, 
expansion-in (XT) should be connected to 
expanslon-out (XO) of previous device. 

• Data In (Dq to Ds) 

Data inputs for 9-bit wide data. 

Outputs 

•Full Flag (FF)__ 
The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

• Empty flag (EF) 

The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera- 



tions, until one or more write operations are com- 
pleted, or FIFO is set to retransmit. 

• Expansion-out (XO)/Half-full flag (HF) 

This output has dual functionality depending how 
it is used. In depth expansion configuration 
expansion-out_ (XO) is connected to next 
expansion-in (XI). The expanslon-out (XO) qf^the 
last FIFO is connected to the expansion-in (XI) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The second function of this output is in stand 
alone and/or parallel expansion configurations to 
indicate the system user that the FIFO Is almost 
full. 

• Data outputs (Qq to Qs) 

Data outputs for 9-bit wide data. Th^se outputs 
are in high impedance state when R is in high 
state. 

VARIOUS OPERATIONS MODE 

• Single device mode _ 

If only one FIFO is used, the expansion-in (XI) pin 
should be grounded. 

• Width expansion mode 

Width expansion by 9-bit increments may be 
achieved when separately paralleling the data In- 
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to- 
gether. 

• Depth expansion mode 

Multiple of FIFOs could provide multiple of 2k x 9 
as (N) X (2k) by 9-bits wide, where N is the num- 
ber of FIFOs connected in depth expansion 
mode. 

The following arrangement must be provided. 

1 . First load (FL) of the first FIFO should be con- 
nected to ground. 

2. All other (FL) should be connected to Vqc- 

3. Connect the expansion-out (XO) of each FIFO 
to expansion-in (XI) of the_next FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 

4. Connect all the empty flag (EF) together to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 

5. (RT) and (AF) will not be available in this mode. 

• Compound expansion mode 

Combination of width and depth expansion 
modes will provide larger FIFO arrays. 
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■ TIMING WAVEFORM 
• Read Cycle 



tRC 



^C 



tA 



tRLZ 



,^tR^ 



tRPW 



tA 



tOH 



Q0-Q8 ^^ \ Data out valid ^ 0(^ C Data out valid ^ QQ 



y 



tPHZ 




Write Cycle 



W 



D0~D8 



twc 



twpw 



,^_tDS_ 



-* to ^ 



Is / i / 



tWPW 



♦tol*. 



K 



Data in valid 



tps 



JDH^ 



^Data in validy 



• Reset Cycle 



RS 

R,W 
EF 

FF 
XO/HF 



tRSS 



^ tps , 



r 



tRSC 



tEFL 

-* ^ 



tRSR 



^^ r 



tPFH 



X. 



tHFH 
■< >- 



jr 



y^ 



NOTES: 1. W = R = ViH during reset. 

2. tRSC = tRST, tRSR. 
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• Retransmit Cycle 



FURT 



7^ 

IRTS 



R. W 



jf 



tRTC 



tRT 



y 



tPTR 

-* ^ 



"s ^ 



Full-Flag Cycle (From Last Write to First Read) 



R 
W 

FF 



Last write 



tWFF 



^^ 



First Read 



tRFF 

"^ — ^ 



y 



Additional reads 




Empty-Flag Cycle (From Last Read to First Write) 



Last Read 



W 



^^^ 



^REF 



EF 



\. 



Qo-Qs — <xx x)d 



\^^ 



^OH 



First Read 



WEF 



r 



Additional 
Reads « 



V 



RLZ 



First Read 



<x>< 
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Half-Full Flag Cycle 



Write=Read+1023 



W 



"^v 



D0-D8 



Write=:Read+1024 

_/ 



jWHF^ 



V 



Write=Read+1023 




<'»"% 



y 



• Read Data Flow Through Mode 
D0-D8 



W 



EF 



^C Data in valid y ^ 



tps ^1 



^s /^ ^^^S^^^ 



tRC 



tWPW 



First write 



tRPW 



Last read 



tREF 



V 



tA 

-< ^ 



Q0-Q8 <E>K^E>KX> 



tRR 



tOH 






tWEF 



tWLZ 

•< — >- 



tRPE 



Last read 



tREF 



tA 



tOH 



\Ay K valid y KAx 
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Write Data Flow Through Mode 



W 



FF 



D0-D8 



Q0-Q8 



twc 



■^. 



twpw 



^^i^u,^^ 1^^^SL_^^ 



JWF^ 



V 



tos 



tWR ^ 



Jdh 



\z 



Data in valid 



> 



First read 



y 



tRFF 



tA 



tyypF 



Last read 



TTK 



tWFF 



tos^ 



^toH^ 



^J°tL^ 



UData in validy 



/VN^ Data out \/V\ 

\AA \ valid y KAx 



• Expansion Out Cycle 1 



W 



xo 



Write to last 
physical address 



txOL 



txOH 



^s /T' 



■45 



«» 



Read from last 
physical address 

tX0L_ _ txOH 



^K A 
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Expansion Out Cycle 2 (Read Data Flow Through Mode) 

Write to last physical address 



HM63921 -20/25/35 



W 

R 
EF 

XO 



X 



^k r 



Read from last 
physical address 



/ wwwwww r 



txOL 



tWEF 

-* 

txOH txOL 



tREF 



;^ 



v^rx_^ 



tXOH 




• Expansion Out Cycle 3 (Write Data Flow Through Mode) 

R 



W 



FF 



XO 



X 



Read from last physical address 



Write to last 
physical address 



/ \\x\\\\\\\^ ^ 



tXOL 



tREF 

< >■ 



txOH 



tWFF 



txOL 



\^^r^^^ 



txOH 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy • Brisbane, CA 94005-1819 • (415) 589-8300 299 



HM63921 -20/25/35 



• Expansion In Cycle 



XI 



w 



■^x 



txi 



X 



'XIR 



txOL 



Write to first 
physical address 



■\:_^' 



^v 



iS- 



X~V 



txis I Read from first 
"^ physical address 



\. 



300 



<^ HITACHI 

Hitachi America, Ltd • Hitachi Plaza • 2000 Sierra Point Pkwy • Brisbane, CA 94005-1819 • (415) 589-8300 



HM63941 -25/35/45- 



Preliminary 



4K X 9-Bit CMOS Parallel In-Out FIFO Memory 

■ DESCRIPTION 

The HM63941 is a FirsMn, First-Out memory that utilizes a high 
performance static RAM array with internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and almost-full flag, to prevent data overflow or underflow. 

Expansion logic warrants unlimited expansion capability in width 
and depth. Both read and write are independent from each other and 
their corresponding pointers are designed to select the proper loca- 
tions out of the entire array serially without address Information to 
load or unload data. 

Data istoggled in and out of the device through the use of the write 
enable (W) and read enable (R) pins. The device has a read/write 
cycle time of 35/45/60ns. Organization of HM63941 provides a 9-bit 
data bus. the ninth bit could be used for control or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3micron technology. The device is available 
In DIP. 

■ FEATURES 

• First-ln, First-Out Dual Port Memory 

• 4k X 9 Organization 

• Low-Power CMOS 1.3micron Technology 

• Asynchronous and Simultaneous Read and Write 

• Fully Expandable in Depth and/or Width 

• Single 5V (±10%) Power Supply 

• Empty and Full Warning Flags 

• Almost-Full Flag 

• Access Time 25/35/45ns 

• Package 28-pin DIP Package 

■ ORDERING INFORMATION 



Type Name 


Access Time 


Package 


HM63941P-25 
HM63941P-35 
HM63941P-45 


25ns 
35ns 
45ns 


28-pin Plastic DIP 




■ PIN ARRANGEMENT 










wC 


1 


28 


Hvcc 


DsC 


2 


27 


304 


D3C 


3 


26 


3 05 


D2E 


4 


25 


3 0e 


DlC 


5 


24 


DD7 


DoC 


6 


23 


3 FL/RT 


xTC 


7 


22 


I] RS 


FFC 


8 


21 


DEF 


QoE 


9 


20 


3 XO/AF 


QiE 


10 


19 


I]Q7 


Q2C 


11 


18 


HQe 


Q3E 


12 


17 


IIQ5 


QsE 


13 


16 


IIQ4 


VssC 


14 


15 


Dr 




(Top View) 





PIN DESCRIPTION 



Pin Name 


Function 


Do-Dg 


Data inputs 


RS 


Reset 


W 


Write enable 


R 


Read enable 


FL 


First load 


Rf 


Retransmit 


XI 


Expansion-in 


XO 


Expansion-out 


AF 


Almost-full flag 


FF 


Full flag 


EF 


Empty flag 


Qo-Qs 


Data outputs 
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ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal VoltageCO 


Vt 


-0.5(2) to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°C 


Storage Temperature Under Bias 


Tbias 


-10 to +85 


°C 



NOTES: 1. Relative to Vss. 

2. -3.5V for pulse width < 10ns. 

■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T^ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


VlH 


2.0 


— 


6.0 


V 


ViL 


-0.5(1) 


— 


0.8 


V 



NOTE: 1. -3.0V for pulse width < 10ns. 



■ DC CHARACTERISTICS (Ta -- 


= 0°C to +70°C, Vcc = 5V ± 10%) 










Parameter 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


UliI 


Vcc = 5.5V, V, = OV- Vcc 


— 


— 


2 


fiA 


Output Leakage Current 


HloI 


R = ViH,Vout = OV-Vcc 


— 


— 


2 


,iA 


Operating Power Supply Current 


Icci 


Average Operating Current 


— 


— 


80 


mA 


ICC2 


R = W = RS = FL/RT = ViH 


— 


— 


10 


mA 


Standby Power Supply Current 


ISB 


All Inputs > Vcc - 0-2V or < Vcc 


— 


— 


1 


mA 


Output High Voltage 


VoH 


loH = -4mA 


2.4 


— 


— 


V 


Output Low Voltage 


Vol 


Iql = 8mA 


— 


— 


0.4 


V 



■ CAPACITANCE (T^ = 25°C, f = 


IMHz) 












Parameter 


Symbol 


Test Conditions 


Typ. 


Max. 


Unit 


Input Capacitance 


C.n 


V,n = OV 


— 


TBD 


pF 


Output Capacitance 


^out 


Vout = OV 


— 


TBD 


pF 



I AC CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = 5 ± 10%) 
Test Conditions 



• Input Pulse Levels: Vss to 3.0V 

• Input and Output Timing Reference Level: 1.5V 



' Input Rise and Fall Times: 5ns 
' Output Load: See Figure 




*Including scope and jig. 
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Read Cycle 



Parameter 


Symbol 


HM63941-25 


HM63941-35 


HM63941-45 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


35 


— 


45 


— 


60 


— 


ns 


Access Time 


tA 


— 


25 


— 


35 


- 


45 


ns 


Read Recovery Time 


tRR 


10 


— 


10 


— 


15 


— 


ns 


Read Pulse Width 


tRPW 


25 


- 


35 


- 


45 


- 


ns 


Read Low to DB Low Z 


tRLZ 


5 


- 


5 


- 


10 


- 


ns 


Read High to DB High Z 


tRHZ 


— 


15 


— 


20 


- 


25 


ns 


Data Valid from Read High 


toH 


5 


— 


5 


— 


5 


— 


ns 


• Write Cycle 


Parameter 


Symbol 


HM63941-25 


HM63941-35 


HM63941-45 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


35 


— 


45 


— 


60 


— 


ns 


Write Recovery Time 


twR 


10 


— 


10 


— 


15 


— 


ns 


Write Pulse Width 


twpw 


20 


— 


35 


— 


45 


— 


ns 


Data Setup Time 


tDS 


15 


— 


20 


— 


25 


— 


ns 


Data Hold Time 


toH 





— 





— 


5 


— 


ns 


• Reset Cycle 


Parameter 


Symbol 


HM63941-25 


HM63941-35 


HM63941-45 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Reset Cycle Time 


tRSC 


35 


— 


45 


— 


60 


— 


ns 


Reset Pulse Width 


tRS 


25 


— 


35 


— 


45 


— 


ns 


Reset Recovery Time 


tRSR 


10 


— 


10 


— 


15 


— 


ns 


• Retransmit Cycle 


Parameter 


Symbol 


HM63941-25 


HM63941-35 


HM63941-45 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Retransmit Cycle Time 


tRTC 


35 


— 


45 


— 


60 


— 


ns 


Retransmit Pulse Width 


tRT 


20 


— 


35 


— 


45 


— 


ns 


Retransmit Recovery Time 


tRTR 


10 


— 


10 


— 


15 


— 


ns 


• Flag Timing 


Parameter 


Symbol 


HM63941-25 


HM63941-35 


HM63941-45 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Reset to Empty Flag Low 


tEFL 


— 


30 


— 


45 


— 


60 


ns 


Read Low to Empty Flag Low 


tREF 


— 


25 


— 


35 


— 


45 


ns 


Read High to Full Flag High 


tRFF 


— 


25 


— 


35 


— 


45 


ns 


Write High to Empty Flag High 


twEF 


— 


25 


— 


35 


— 


45 


ns 


Write Low to Full Flag Low 


twFF 


— 


25 


— 


35 


- 


45 


ns 


Write Low to Almost-Full Low 


twAF 


— 


30 


— 


40 


— 


55 


ns 


Read High to Almost-Full High 


tRAF 


— 


30 


— 


40 


— 


55 


ns 
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SIGNAL DESCRIPTIONS 
Inputs 

• Reset (RS) 

The device is reset whenever RS input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycle^is required 
after power on. Both read enable (R) and write 
enable (W) inputs niust be in the high state during 
reset. Empty flag (EF) will go low and full flag (FF) 
and almost-full (AF) will go high during reset cycle. 

• Write enable (W) _ 
Write cycle is initiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set- 
up and hold time requirements relative to the ris- 
ing edge of (W) are met. Data is stored in the de- 
vice sequentially and independently of any simul- 
taneous read operation. To inhibit further write op- 
erations and prevent internal data overflow full 
flag (FF) will go low. 

• Read enable (R) _ 
Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of simulta- 
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
state, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
output kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (twEp). 
thereafter a valid read can start. 

• First load/retransmit (FL/RT) 

For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to Vcc for cor- 
rect operation. In single device mode, this pin re- 
sets the read pointer to the beginning of the FIFO 
memory, therefore data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 

• Expansion-in QC\) _ 
For single device mode expansion-in (XI) is 
grounded. For_ depth expansion mode, 
expansion-in (Xl) should be connected to 
expansion-out (XO) of previous device. 

• Data In (Dq to Ds) 

Data inputs for 9-bit wide data. 

Outputs 

• Full Flag (FF) _ 

The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

• Empty flag (EF) 

The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera- 



tions, until one or more write operations are com- 
pleted, or FIFO is set to retransmit. 

• Expansion-out (><0)/AI most-full flag (AF) 

This output has dual functionality depending how 
it is used. In depth expansion configuration 
expanslon-out_ (XO) is connected to next 
expansion-in (XI). The expansion-out (XO) qf_the 
last FIFO is connected to the expansion-in (XI) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The second function of this output is in stand 
alone and/or parallel expansion configurations to 
indicate the system user that the FIFO is almost 
full. 

• Data outputs (Qq to Qs) 

Data outputs for 9-bit wide data. These outputs 
are in high impedance state when R is in high 
state. 

VARIOUS OPERATIONS MODE 

• Single device mode 

If only one FIFO is used, the expansion-in (XI) pin 
should be grounded. 

• Width expansion mode 

Width expansion by 9-bit increments may be 
achieved when separately paralleling the data in- 
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to- 
gether. 

• Depth expansion mode 

Multiple of FIFOs could provide multiple of 4k x 9 
as (N) X (4k) by 9-bits wide, where N is the num- 
ber of FIFOs connected in depth expansion 
mode. 

The following arrangement must be provided. 

1. First load (FL) of the first FIFO should be con- 
nected to ground. 

2. All other (FL) should be connected to Vcc- 

3. Connect the expansion-out (XO) of each FIFO 
to expansion-in (XI) of the_next FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 

4. Connect all the empty flag (EF) together to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 

5. (RT) and (AF) will not be available In this mode. 

• Compound expansion mode 

Combination of width and depth expansion 
modes will provide larger FIFO arrays. 
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HM63941 -25/35/45 



I TIMING WAVEFORM 
Read Cycle 



Write Cycle 



W 



D0-D8 



tpc 



tA 



X 



tRLZ 



tRR 

-< >- 



tOH 



tppw 



tA 



Q0-Q8 \(^ ^ Da^a out valid ^ )|0( ^ Data out valid ) >00^ 



y 



tRHZ 



twc 



tWPW 



tos , 



tWR 



"Is / ^ 



-M. 



^Data in validp 



-^Data in valid^ 



NOTES: 1. W = R = ViH during reset. 

2. tRSC = tRST, tRSR. 
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HM63941 -25/35/45- 
• Retransmit Cycle 



FL7RT 



tR 



T y 



R, W 



tRTR 



^^ /^ 



Full-Flag Cycle (From Last Write to First Read) 



R 
W 

FF 



Last write 



*H twFF 



V 



First Read 



tRFF 



/ 



Additional reads 

w 




Full-Flag Cycle (Effective Write Pulse Width After FF High) 



"\ / 



tRFF 



FF 
W 



WWWWWWWWWWWWWW' V 



7^ 



twpw 
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• Empty-Flag Cycle (From Last Write to First Read) 



Last Read 



W 



^REF 



EF 



\. 



DataOul <X>CIXS>( 



First Write 



'\^' 



WEP 



r 



Additional 
;( Writes « 



\. 



First Read 




■<XK 



• Empty-Flag Cycle (Effective Read Pulse Width After EF High) 



W 



EF 



x ^^ 



tWEF 



x\\\\\\\\\\\\\\\\\\\\\\\\\\\^ r y 



7^ 



tRPW 



Almost-Full Flag Cycle 

Wrlte=Read+4079 



W 



^s 



AF 



Write=Read+4080 

_y — 



^twAF^ 



"\ / 



X 



Write=Read+4079 



tPAF 



X 
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Section 2 
Cache Static RAM 

and 
Fast SRAM Modules 
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HM62A168/HM62A188 Series 

Direct l\/lapped 8,192-Word x 16/18-Bit 

2-Way 4,096-Word x 16/18-Bit Static Cache RAM 

■ DESCRIPTION 

The Hitachi HM62A168/HM62A188 is a high speed 128/144-kbit 
static cache RAi\/l organized as 2-way set associative 4k x 16/18 or 
direct mapped 8k x 16/18. By using two HM62A168/HM62A188 with 
Intel's 82385 cache controller a high performance 80386 system can 
be achieved. 

The HM62A168/HM62A188, packaged in a 52-pin PLCC is availa- 
ble for high density mounting. 

■ FEATURES 

• Meets INTEL 82385 cache memory controller 

• High Speed 

Access Time 25/35/45ns (max.) 

• Address Latch 

• Pin Programmable for 8k x 16/18 or 2-Way 4k x 16/18 

■ ORDERING INFORMATION 



■ Preliminary 

■ PIN-OUT 




PIN DESCRIPTION 



Type No. 


Access 


Package 


HM62168CP-25 
HM62168CP-35 
HM62168CP-45 


25ns 
35ns 
45ns 


52-pin PLCC 


HM62188CP-25 
HM62188CP-35 
HM62188CP-45 


25ns 
35ns 
45ns 


52-pin PLCC 



■ BLOCK DIAGRAM 

Topology Two-Way Set Associative (MODE = Logic Low) 

Way A 



COEA- 
CWEA- 

AO- 

)'z 

A11- 
CALEN - 

COEB- 

CWEB- 

CE- 

CSO- 
CS1 - 



DO- 
D7/DP0 



WayB 



4k X 8/9 

D8- 
D15/DP1 



DOtoDIS/andDPO. DP1 



Topology Direct Map (MODE = Logic Low) 



COEA 
COEB 
CWEA. 

CWEB 
A12- 
AO 



n. 



T 






DO- 
D7/DP0 



CALEN- 
CE- 



8k X 8/9 

D8- 
D15/DP1 



D0toDl5/andDP0. DP1 



Pin Name 


Function 


CALEN 


Cache Address 
Latch Enable 


MODE 


Mode Select 


Aq to A|2 


Address 


CSo,CS, 


Cache Chip Select 


COEA, COEB 


Cache Output Enable 


CWEA, CWEB 


Cache Write Enable 


DotoD,5 


Data Input/Output 


CE 


Cache Chip Hnabic 


NC/DPo, DP, 


No connection 
Parity Input/Output 



PIN ARRANGEMENT 



A1 A2 A3 A4 A5 A6 Vcc A7 A8 A9 A10A11 



Vec ft/ WB nn ftiuftii 
L-l LJ U l_J LJ LJ LJ 



A1 6 5 4 3 2 1 52 51 50 49 48 47 



38 
J9 

:io 
]ii 
:i2 
:i3 
:i4 
:i5 

316 
D17 
318 
319 
320 



21 22 23 24 25 26 27 28 29 30 31 32 33 

nnnnr-inr-innnnnn 



46C 
45C 
44C 

43 1: 

42 C 
41 C 
40 C 
39|: 
3811 
37C 
36C 
35C 
34C 



Vcc Vcc CSOCWEA VasVmCO EA C S1 Vqc Vcc 

cwlB "SoeB mode 

(Top View) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy • Brisbane, CA 94005-1819 • (415) 589-8300 



311 



HM62A168/HM62A188 Series 



I FUNCTION TABLE 
Two-Way Mode (Mode = High) 2-4K x 16/18 



Input Signal 


I/O Pin 


Function 


CE 


CSo 


CS, 


COEA 


COEB 


CWEA 


CWEB 


D0-D7/DP0 


Dg-Dis/DP, 


H 


X 


X 


X 


X 


X 


X 


High-Z 


High-Z 


Disabled 


X 


H 


H 


X 


X 


X 


X 


High-Z 


High-Z 


Disabled 


L 


L 


H 


L 


H 


H 


H 


Output 


High-Z 


Read Way A 


L 


L 


H 


H 


L 


H 


H 


Output 


High-Z 


Read Way B 


L 


H 


L 


L 


H 


H 


H 


High-Z 


Output 


Read Way A 


L 


H 


L 


H 


L 


H 


H 


High-Z 


Output 


Read Way B 


L 


L 


L 


L 


H 


H 


H 


Output 


Output 


Read Way A 


L 


L 


L 


H 


L 


H 


H 


Output 


Output 


Read Way B 


L 


L 


H 


X 


X 


L 


H 


Input 


High-Z 


Write Way A 


L 


L 


H 


X 


X 


H 


L 


Input 


High-Z 


Write Way B 


L 


H 


L 


X 


X 


L 


H 


High-Z 


Input 


Write Way A 


L 


H 


L 


X 


X 


H 


L 


High-Z 


Input 


Write Way B 


L 


L 


L 


X 


X 


L 


H 


Input 


Input 


Write Way A 


L 


L 


L 


X 


X 


H 


L 


Input 


Input 


Write Way B 


L 


L 


H 


X 


X 


L 


L 


Input 


High-Z 


Write Way A & B 


L 


H 


L 


X 


X 


L 


L 


High-Z 


Input 


Write Way A & B 


L 


L 


L 


X 


X 


L 


L 


Input 


Input 


Write Way A & B 


• Direct Mode (Mode = Low) 8K 


X 16/18 








Input Signal 


I/O Pin 


Function 


CE 


CSo 


CSi 


COEA 


COEB 


CWEA 


CWEB 


D0-D7/DP0 


Dg-Dis/DPi 


H 


X 


X 


X 


X 


X 


X 


High-Z 


High-Z 


Disabled 


X 


H 


H 


X 


X 


X 


X 


High-Z 


High-Z 


Disabled 


X 


X 


X 


H 


H 


X 


X 


High-Z 


High-Z 


Disabled 


L 


L 


H 


L 


L 


H 


H 


Output 


High-Z 


Read Dq to D7 


L 


H 


L 


L 


L 


H 


H 


High-Z 


Output 


Read Dg to Dj5 


L 


L 


L 


L 


L 


H 


H 


Output 


Output 


Read Dq to D15 


L 


L 


H 


X 


X 


L 


L 


Input 


High-Z 


Write Do to D7 


L 


H 


L 


X 


X 


L 


L 


High-Z 


Input 


Write Dg to D15 


L 


L 


L 


X 


X 


L 


L 


Input 


Input 


Write Do to D15 


■ ABSOLUTE MAXIMUM RATINGS 


Item 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V.n 


-0.5(1) to +7.0 


V 


Power Dissipation 


Pt 


1.2 


w 


Operating Temperature Range 


^opr 


to +70 


°c 


Storage Temperature Range 


'^stg 


-55 to +125 


°c 


Storage Temperature Range Under Bias 


Tbias 


-10 to +85 


°c 



NOTE: 1. V,n min. = -2.5V for pulse width < 10ns. 
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HM62A168/HM62A188 Series 



RECOMMENDED DC OPERATING CONDITIONS (Ta = to 70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input High (Logic 1) Voltage 


ViH 


2.2 


— 


Vcc + 0-3 


V 


Input Low (Logic 0) Voltage 


ViL 


-0.3(0 


— 


0.8 


V 



NOTE: 1. ViL min. = -2.0V for pulse width < 10ns. 

■ DC CHARACTERISTICS (T^ = to 70°C, Vcc = 5V ± 10%, Vss = OV) 



Parameter 


Symbol 


Test Condition 


Min. 


Typ.(i) 


Max. 


Unit 


Input Leakage Current 


Ili 


Vcc = Max., V,n = Vss to Vcc 


— 


— 


2.0 


^A 


Output Leakage Current 


Ilo 


CS = ViH 

Vi/o = VsstoVcc 


- 


- 


10.0 


liA 


Operating Power Supply Current 


Ice 


V.n = OV/Vcc, Ii/o = 0mA 
Min. Cycle, Duty =100% 


- 


- 


220 


mA 


Output Low Voltage 


Vol 


Iql = 4mA 


— 


— 


0.4 


V 


Output High Voltage 


VOH 


Iqh = -1.0mA 


2.4 


— 


— 


V 




NOTE: 1. Typical limits are at Vcc = 5.0V, Ta = +25°C and specified loading. 
■ CAPACITANCE (T^ = 25°C, f = lMHz)(i) 



Parameter 


Symbol 


Max. 


Max. 


Unit 


Test Conditions 


Input Capacitance 


C.n 


— 


6 


pF 


V,n = OV 


Input/Output Capacitance 


Ci/0 


— 


10 


pF 


V,/o = OV 



NOTE: This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Ta = to 70°C, Vcc = 5V ± 10%, unless otherwise noted.) 
• Test Conditions 

• Input Pulse Levels: Vss to 3.0V • Input Rise and Fall Times: 3ns 

• Input and Output Timing Reference Levels: 1.5V • Output Load: See Figures 



Vcc 



Vcc 



Dout 

o 

667 Q 



lOOOfi 



Dout 



\ J 100 pF* 



667fi 



777 

Output Load A 




Output Load B 



♦Including scope and jig. 
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HM62A168/HM62A188 Series 
• Read Cycle 



Parameter 


Symbol 


HM62168-25 
HM62188-25 


HM62168-35 
HM62188-35 


HM62168-45 
HM62188-45 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Read Cycle Time 


tRC 


25 


— 


35 


— 


45 


— 


ns 


Address Access Time 


tAA 


— 


25 


— 


35 


— 


45 


ns 


A 12 Address Access Time 


Ul2 


— 


17 


— 


25 


— 


30 


ns 


Chip Select Access Time 


tcS' tcE 


— 


20 


— 


25 


— 


30 


ns 


Output Enable to Output Valid 


toE 


— 


10 


— 


13 


— 


16 


ns 


Output Hold from Address Change 


tOH 


3 


— 


3 


— 


3 


— 


ns 


Chip Select to Output Low-Z 


tLZ 


3 


— 


3 


— 


3 


— 


ns 


Output Enable to Output Low-Z 


toLZ 


2 


— 


2 


— 


2 


— 


ns 


Chip Deselect to Output in High-Z 


tHZ 


— 


15 


— 


25 


— 


30 


ns 


Output Disable to Output High-Z 


toHZ 


— 


10 


— 


14 


— 


14 


ns 


Address Latch Enable Pulse Width 


tCALEN 


8 


— 


10 


— 


15 


— 


ns 


Address Setup to Latch Low 


tASL 


4 


— 


6 


— 


10 


— 


ns 


Address Hold to Latch Low 


Uhl 


5 


— 


5 


— 


5 


— 


ns 



• Read Timing Waveform (1) (CWE = High, COE = Low, CS = Low) 



CALEN 
RS 

Address 



Dout/ 
DPO, DP1 



j( 



tCALEN 



X 



< '^SL „ 



X 



X 



tAHL 



y 



tRC 



><: 



External Address Valid 



tAA 



X 



tA12 



tpH ^ 



tCE 



Data Valid 
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HM62A168/HM62A188 Series 



• Read Timing Waveform (2) (CWE = High, COE = Low, CS = Low) 



CALEN 



CE 



A0-A1 1 



A12 



Dout/ 
DPO. DP1 




Data Valid 



• Read Timing Waveform (3) (CWE = High) 

tCALEN 



CALEN 



Address 



CS, CE 



COE 



Dout/ 
DPO, DP1 



/ 



>c 



tASL 



y 



tAHL 



tRC 



External Address Valid 



tAA 



X 



tA12 



V 



tcs 



tCE 



^I 



'^ . 



tpLZ 



tOE 



J( 



* *i« *. 



X. 



tpHZ 



•^ ^^ Data Valid ^ 
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HM62A168/HM62A188 Series 



• Write Cycle 



Parameter 


Symbol 


HM62168-25 
HM62188-25 


HM62168-35 
HM62188-35 


HM62168-45 
HM62188-45 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Write Cycle Time 


twc 


25 


— 


35 


— 


45 


— 


ns 


Address Valid to End of Write 


Uw 


18 


— 


25 


— 


40 


— 


ns 


A,2 Valid to End of Write 


tA12W 


18 


— 


25 


— 


40 


— 


ns 


Chip Select to End of Write 


tew 


18 


— 


25 


— 


30 


— 


ns 


Data Valid to End of Write 


tDW 


10 


— 


10 


— 


15 


— 


ns 


Data Hold from End of Write 


^DH 





— 





— 





— 


ns 


Write Enable Active to High-Z 


twHZ 


— 


15 


— 


15 


— 


20 


ns 


Write Enable Inactive to Low-Z 


tWLZ 


3 


— 


3 


— 


3 


— 


ns 


Write Pulse Width 


twp 


18 


— 


25 


— 


30 


— 


ns 


CE Pulse Width During Chip Enable 
Controlled Write 


tcp 


18 


- 


25 


- 


30 


- 


ns 


Address Setup Time 


tAS 





— 





— 





— 


ns 


Write Recovery Time 


tWR 





— 





— 


2 


— 


ns 


Address Latch Enable Pulse Width 


tCALEN 


8 


— 


10 


— 


15 


— 


ns 


Address Setup to Latch Low 


tASL 


4 


— 


6 


— 


10 


— 


ns 


Address Hold to Latch Low 


tAHL 


5 


— 


5 


— 


5 


— 


ns 
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HM62A168/HM62A188 Series 



• Write Timing Waveform (1) (COE = High, WE Controlled) 



CALEN 



Address 



y 



CE 
WE 



Din/ 
DPO, DP1 



^^^£ 



tCALEN 



< — y^ — > 



X 



y 



tAHL 



twc 



>C 



External Address Valid 



X 



tAW 



tA12W 



tAS 



tCP 



yy////////y/y////. 



tt^^ - 



<x 



^DW 



tWR 




^DH 



Data Valid 



x> 
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HM62A168/HM62A188 Series - 



Write Timing Waveform (2) (COE = High, CE Controlled) 



CALEN 



Address 



CE 



/ 



tCALEN 



USL 



tAHL 



twc 



:>c 



External Address Valid 



tAW 



tAl2W 



tAS 



^^ 



tcp 



- \\\\\\\\\\<4^ " ^- /////////////////A 



Din/ 
DPO, DP1 



OK 



^DW 



tWR 



/^ 



y 



>c 



^DH 



Data Valid 



x> 
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HM67C932 Series- preliminary 

8,192-Word x 9-Bit x 4-Row Static Cache RAM 
m DESCRIPTION 

The Hitachi HI\/I67C932 is a high speed 288-kbit static cache RAM 
organized as 4-way set associative 8k x 9 or direct mapped 32k x 9 
with 4-row selector for burst mode. By using HM67C932 with high 
speed standard microprocessors a high performance computer sys- 
tem can be achieved. 

The HM67C932, packaged in a 44-pin PLCC is available for high 
density mounting. 

■ FEATURES 

• For High Speed Standard Microprocessors 

• High Speed Access Capability with Lower 2-address by Selector 

• Pipeline Access Capability with On Chip Address and Row Latches 
(Edge Trigger Type Row Latch)* 

• On Chip Parity Generator and Checker 

• Organization 288-kbit (8-kw x 9 bit x 4 row) 

• Drivability for Heavy Load (Cl = 100 pF) A 

• PLCC 44-pin 

• TTL I/O 

*For cache RAM with transparent row latch, request data sheet HM67B932. 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM67C932CP-20 
HM67C932CP-25 


20ns 
25ns 


44-pin PLCC 




■ PIN ARRANGEMENT 








A3 A4 AS ASALEVssVec A7 AS AS 10 








yuuuuuuuuuuu 

Xe5432 1444342 4140 


^ 




A, 


37 


38C 


All 


Ai 


]8 


3«C 


A,» 


A, 


]» 


37C 


PC 


NC 


]10 


36 C 


P&S? 


Vcc 


311 


35C 


Vss 


RLE 


3 12 


34: 


CS 


R, 


3l3 


33 C 


WE 


Ri 


]u 


32C 


OE 


W), 


3l6 


31 C 


VO, 


«), 


3l6 


30 C 


VOt 


VCCQ 


317 


20C 


VSSQ 




[ }^A^^^P^'A^^F.P^ 


^ 






Vs«Q IO»\4$ l03Vcc(yssQK>4 Wi Vcc W>iVccfl 






(Top View) 





MAIN CHARACTERISTICS 



PIN DESCRIPTION 



Item 


Spec. 


Remarks 




Address Access Time (max.) 


20/25ns 




Access 
Time 


Row Select Access Time (max.) 


10/ 13ns 


Cl = lOOpFA 




OE Access Time (max.) 


10/ 13ns 




Cycle Time (min.) 


25/30ns 


Clock Frequency 
33 ~ 40 MHz 


Power Dissipation (typ.) 


0.8W 


Vcc = 5.0V 
tcYc ~ 60ns 



Pin Name 


Function 


ALE 


Address Latch Enable 


Ao-A,2 


Address 


RLE 


Row Latch Enable 
(Edge Trigger) 


Rq-Ri 


Row 


I/O0-I/O7 


Data Input/Output 


I/Og 


Data Input/Output 
(Even Parity) 


CS 


Chip Select 


WE 


Write Enable 


OE 


Output Enable 


PC 


Parity Control 




Parity Error Output 
(Open Drain) 


PError 


Vcc 


Power 


Vss 


Ground 


VcCQ 


Power 
(For Output Transistors) 


VsSQ 


Ground 
(For Output Transistors) 
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HM67C932 Series — 
■ BLOCK DIAGRAM 



OE 



ALE 



^1^ 



I2Z 



WE 



p 

CO 



7> 



^ 



Dout 
Selector 



Address 
WE Dout 

8k word X 9 bit 

Din 1 

"Ts: 



i^ 



'^ Parity 
-y Checl<er 



Ro.i: 



RLE- 

PC' 
CS ' 



0) 



J Parity 
Geneator 



Dio-? 



c 



VD,« 



I/O 
0-8 



Perror 



* Edge Trigger 
A^ ** Open drain 



I FUNCTION TABLE 
Truth Table 



CS 


OE 


WE 


PC 


Mode 


Vcc Current 


I/O Pin 


PError Pin 


Ref . Cycle 


H 


X 


X 


X 


Not Selected 


IsB» IsBi 


HighZ 


HighZ 




L 


H 


H 


X 


Output Disabled 


Icc» Icci 


HighZ 


HighZ 




L 


L 


H 


X 


Read 


IcC' Icci 


Dout 


High Z or L (Error) 


Read Cycle No. 1, 2 


L 


H 


L 


L 


Write 


Icc» Icci 


Din 


HighZ 


Write Cycle No. 1-5 


L 


L 


L 


L 


Write 


Ice. Icci 


D,n 


HighZ 


Write Cycle No. 6, 7 


L 


H 


L 


H 


Write (Parity Generate) 


IcC' Icci 


Din^l) 


HighZ 


Write Cycle No. 1 


L 


L 


L 


H 


Write (Parity Generate) 


IcC' Icci 


Din^l) 


HighZ 





NOTE: 1. Di8 input is ignored and generated as parity bit from Dio to Dn. 



Input Latch Table 
Address Latch 



Row Latch 



ALE 


Mode 


Latch Output 


H 


Load 


Address Input 


L 


Hold 


Previous Address 



RLE 


Mode 


Latch Output 


t 


Load 


Row Input 


HorL 


Hold 


Previous Row 
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HM67C932 Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-0.5 to +7.0 


V 


Operating Temperature Range 


^opr 


to +70 


°c 


Storage Temperature Range (With Bias) 


Tstg(bias) 


-10 to +85 


°c 


Storage Temperature Range 


Tstg 


-55 to + 125 


°c 



RECOMMENDED DC OPERATING CONDITIONS (T^ = to +70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


VlH 


2.2 


— 


Vcc + 0.5 


V 


ViL 


-0.5(1) 


— 


0.8 


V 



NOTE: 



-3.0V for pulse width < 20ns. 




■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V ± 10%, T^ = to +70°C, V 


ss = OV) 






Item 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


Ili 


Vcc = 5.5V, ViN = Vss to Vcc 


— 


— 


2 


fiA 


Output Leakage Current 


Ilo 


CS = ViH or OE = ViH or 
WE = ViL,Vi/o = VsstoVcc 


- 


- 


10 


tiA 


Operating Power Supply Current 


Ice 


CS = ViL, Ii/o = 0mA 


— 


— 


TBD 


mA 


Average Operating Current 


Icci 


Min. Cycle, Duty: 100%, Ii/o = 0mA 


— 


— 


TBD 


mA 




ISB 


CS = ViH 


— 


— 


TBD 


mA 


Standby Power Supply Current 


ISBI 


CS > Vcc - 0.2V 

ViN < 0.2V or VjN > Vcc - 0.2V 


- 


- 


TBD 


mA 


Output Low Voltage 


VoL^') 


Iql = 16mA 


— 


— 


0.4 


V 


Output High Voltage 


VoH 


loH = -8mA 


2.4 


— 


— 


V 


Iqh = -100/iA 


2.7 


— 


— 


V 



NOTE: 



, Including PError Output. 



■ CAPACITANCE (T^ = 25 °C, 


f = l.OMHz) 












Item 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


C.n 


V.n = OV 


— 


— 


6 


pF 


Input/Output Capacitance 


Ci/o 


Vi/o = OV 


— 


— 


10 


pF 


Output Capacitance (PError) 


Cout 


Vout = OV 


— 


— 


10 


pF 
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HM67C932 Series 



■ AC CHARACTERISTICS (Vcc = 5V ± 10%, T^ = to +70°C) 
• AC Test Conditions 

• Input Pulse Levels: 0.4V to 2.4V • Input Rise and Fall Times: 4ns 

• Input Timing Reference Levels: 0.8V, 2.0V • Output Load: See Figure 

• Output Timing Reference Levels: Vql = 0.8V, 

VoH = 2.0V 



>+5V 
^219^ 




rH- 



300! 



777777 



lOOpFi?!^ 



Output Load A 



PError 
O 



777 



+ 5V 
287 a 

: 50pF* 



Output Load C 




300 fi^ 



777777 



Output Load B 

(for tcHZ» twHZ' toHZ' *CLZ' ^QW & ^OLz) 



PError 
O 




:5pF* 



777 



Output Load D 

(for tAPH> tLEPH> tRPH> tcPH & tppn) 



♦Including scope and jig. 
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HM67C932 Series 



• Read Cycle 



Item 


Symbol 


HM67C932-20A 


HM67C932-25 


Unit 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


25 


— 


30 


— 


ns 


Row Selector Read Cycle Time 


tRCR 


15 


— 


Al8 


— 


ns 


Address Latch Enable Pulse Width 


^LEW 


5 


— 


7 




ns 


Address Latch Enable Setup Time 


tLES 


3 


- 


5 




ns 


Address Latch Enable Hold Time 


tLEH 


3 


— 


3 


— 


ns 


Row Latch Enable Pulse Width 


tREW 


5 


— 


7 


— 


ns 


Row Latch Enable Setup Time 


tRES 


3 


— 


5 


— 


ns 


Row Latch Enable Hold Time 


tREH 


3 


— 


3 


— 


ns 


Address Access Time 


tAA 


— 


20 


- 


25 


ns 


Output Hold from Address Change 


k)H 


5 


— 


5 





— 


Address Latch Enable Access Time 


Ule 


— 


20 


- 


25 


ns 


Output Hold from End of Address Latch Hold 


k)LEH 


5 


- 


5 


- 


ns 


Row Selector Access Time 


tRA 


— 


10 


- 


13 


ns 


Output Hold from Row Selector Change 


k)RH 





— 





— 


ns 


Chip Select Access Time 


Ucs 


— 


20 





25 


ns 


Chip Selection to Output in Low Z 


tcLZ^l^' (3) 





— 





— 


ns 


Chip Deselection to Output in High Z 


tcHZ^lhi3) 





8 





10 


ns 


Output Enable to Output Valid 


tOE 





10 





13 


ns 


Output Enable to Output in Low Z 


toLz(l),(3) 





— 





— 


ns 


Output Disable to Output in High Z 


toHz(l)'(3) 





8 





10 


ns 


Address to Parity Error Valid 


Upe 


— 


25 


- 


30 


ns 


Address Change to Parity Error in High Z 


tAPH(2)'(3) 


5 


— 


5 


— 


ns 


Address Latch Enable to Parity Error Valid 


tLEPE 


— 


25 


- 


30 


ns 


End of Address Latch Hold to Parity Error in High Z 


tLEPH(2),(3) 


5 


— 


5 


— 


ns 


Row Selector to Parity Error Valid 


tRPE 


— 


15 


- 


18 


ns 


Row Selector Change to Parity Error in High Z 


tRpH(2),(3) 


3 


- 


A3 


- 


ns 


Chip Selection to Parity Error Valid 


tCPE 


— 


25 


- 


30 


ns 


Chip Deselection to Parity Error in High Z 


tcpH(2).(3) 





- 





- 


ns 


Output Enable to Parity Error Valid 


k)PE 


— 


15 


- 


18 


ns 


Output Disable to Parity Error in High Z 


toPH(2).(3) 





— 





— 


ns 



NOTES: 1. Transition is measured ± 200m V from steady state voltage with Load B. 

2. Transition is measured ± 200m V from steady state voltage with Load D. 

3. This parameter is sampled and not 100% tested. 
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HM67C932 Series 



Timing Waveform of Read Cycle No. 1 (Cache Read Cycle) 0) 

tRC 



ALE 



< ^LEW ^ 



^>'^% 



tlES 



*"- T^^^C ^ /////////////////////A iC-l<Z^. 



RLE 



Row 



OE 



Dout 



tLEH 



1^ tLEW 



ILES 



[ ^ ^REW 



tRES- 



^' 1 



■<-tLEH 



tAPH 



tLEPH 



■tREH 



V////////////////9C^////////////7^7^Z7. 



xWWWWWWWW^^^ s 



S5 s^^. 



^tALE 



tAA 



tlEPE 



^ tAPE 



tACS 



^ tcLZ 



High Impedance 
.^ tCPE 



tOE 



JOLZ, 



tRA 



tpPE 



Ji////////// 



)'///////////. 



tOHZ 



JCHZ^ 



Data Valid 



tRPE 



PError 



High Impedance 



> 



,tOPH, 



JCPH 



\^PlrF5rValid^7^ 



<^ HITACHI 
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HM67C932 Series 



• Timing Waveform of Read Cycle No. 2 (Serial Read Cycle With Row Selector) C)- (2) 



ALE 



^■^\ 



tlEW 



tlES 



tlEH 
> l !■ < 



RLE 



Dout 




^sss 7^P:^.-, ^7777ZyT///////////////////7Z^Z^. 



tRCR 



Jrew^ 



tRCR 



^tREV\^ 



/"""k^'^^^'^Tv^'^^ 



^^^ 



tRCR ^ 



Jrew^ 



«»" ^^tej^>»^Ha^^ 




n7= Previous PError Valid / \ PError / X PError / \ PError 

P Error rrevious rnrror vaiia y X Valid 1 Y X Valid 2 ^ K X Valid 3 



NOTES: 1 . WE = Vm,^: Do not care 
2. CS = ViL, OE = ViL 
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HM67C932 Series 
• Write Cycle 



Item 


Symbol 


HM67C932-20 


HM67C932-25 


Unit 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


25 


— 


30 


— 


ns 


Chip Selection to End of Write 


^cw 


15 


— 


20 


— 


ns 


Address Setup Time 


tAS 





— 





— 


ns 


Address Latch Enable Setup Time 


tALES 





— 





— 


ns 


Row Selector Setup Time 


tRS 





— 





— 


ns 


Address Valid to End of Write 


tAW 


15 


— 


20 


— 


ns 


Write Pulse Width 


twp 


12 


— 


15 


— 


ns 


Write Recovery Time 


tWR 


3 


— 


3 


— 


ns 


Write Recovery to End of Address Latch Hold 


tLEWR 


3 


— 


3 


— 


ns 


Write Recovery to Row Selector Change 


tRWR 


5 


— 


5 


— 


ns 


Write to Output in High Z 


twHZ^')'(2) 





8 





10 


ns 


Data Valid to End of Write 


tow 


8 


— 


10 


— 


ns 


Data Valid to End of Write (Parity Generate Mode) 


tDW2 


12 


— 


15 


— 


ns 


Data Hold Time 


toH 





— 





— 


ns 


Output Active from End of Write 


W^)'<2) 





— 





— 


ns 


Parity Control Setup Time 


tpw 


12 


— 


15 


— 


ns 


Parity Control Hold Time 


tpH 





- 





— 


ns 



NOTES: 1 . Transition is measured ±200mV from steady state voltage with Load B. 
2. This parameter is sampled and not 100% tested. 
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HM67C932 Series 



• Timing Waveform of Write Cycle No. 1 (Cache Write Cycle) (1). (2) 



ALE 
Address 

RLE 
Row 

OE 
WE 

Dout 



twc 



tlEW^ 



tllS t| 

XL 



K^ 



/"\ 



tlES 



mMMMMMMZmZDk 



mmk 



Din 



PC 



tREW^ 



tRES ^REH 



tREH 



tLEH 




tRES 



WMMMMZmZMK 



tR$ ^ \ 



A 



tAS 



tALFS 



tOHZ 



tAW 



h< ^^ ► 



\ High Impedance 



High Impedance 



■<S[ 



tDW1/tDW2 



tRWR 



1 



tlEWR 



/ 



JREW^ 



i^V 



tREH 



tWR 



tOLZ 
o 



tOH 



Data Valid 



tpw 



m 



tPH 



/ \ 



NOTES: 1. CS = Vil, PError: Do not care. 

2. Di8 input IS not cared with parity generate mode. Parity of written data is not checked. 
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HM67C932 Series 



• Timing Waveform of Write Cycle No. 2 (OE = H, WE Controlled) (7) 

tyyc 



Address 



RLE 



=x 



tRES 



^ tpEW 



/ '\ 



/ 



HtREH tRESh 



tAW 



OS ^^^^^^^^ 



WE 



Din 



Dout 



tew 



JRS 



/////////////A 



tAS 



^^. 



tWP*1 



immffixxEK>: 



tpw 



/'' 



tWR 



tREH 



tRWR 



.^M^ 



Data Valid 



\> mmm 



High Impedance 



• Timing Waveform of Write Cycle No. 3 (OE = H, CS Controlled) (7) 

tyyc 



Address 



RLE 



K 



tRES 

ROW XX 



CS 



tREW 



X 



^ '\ 



)(' 



-*— HtREH tRESh 



tREH 

XE 




WE wwwwww . 



Din 
Dout 
328 



ttwmmu Y , 



tpw 



' /////////////. 



**eH». 



Data Valid 



^KXEEXSEX 



High Impedance 
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• Timing Waveform of Write Cycle No. 4 (OE = Clocked, WE Controlled) (7) 



HM67C932 Series 



Address 



RLE 



twc 



K 



tRES 

ROW XX 



X 



tREW 



/ \ 



O-E ^^ 



tREH 



:<msssssffixx>:: 



tAW 



55 \\^^\\\M 

I IJRSI 



OS 

WE 

Dout 
Din 



tAS 



tew 



//////////////' 



^^. 



twp*i 



-< >■ 



> 



tOH2*2 

High Impedance 



High Impedance 



<E^: 



tow 



/ 



tWR 



r 



^ tRES 




tREH 



^\\\\\\\\\- 



tRWR 



z 



tOLZ*2 



tDH 



^E 



Data Valid 



;s> 
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HM67C932 Series 



Timing Waveform of Write Cycle No. 5 (OE = Clocked, CS Controlled) (7) 



Address 



RLE 



OE 
CS 



Din 
Dout 



Z3^: 



twc 



tRES 

ROW XX 



tpEW 



X 



y "x 



tREH 



tAW ^ IWR 



y///////y ( 



tRS- 



tAS ^ 



tew 



WE xWWWWWWN . 



twp*i 



XS: 



High Impedance 



tpw 



/' 



/'' 



r 



|< ^REs ^ 



tREH 



X 



:k2 



tRWR 



tOH 



Data Valid 



'SX 
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HM67C932 Series 



• Timing Waveform of Write Cycle No. 6 (OE = L, WE Controlled) (7) 



Address 



RLE 



ZDi 



twc 



tRES 

Row Xx^^ 



tREW 



X 



r '\ 



tREH 



tAW 



55 \\\\\\\\\M 



WE 



Din 




tRS 



tAS 



tew 



,'7Z ///////////. 



^^. 



tWP*1 



^WHZ^2 



oc. ^^^^^S^ 



High Impedance 



■<2; 



tpw 



/'' 



tWR 



i'' 



^ tRES 




tREH 



:ke 



z 



tRWR 



tOH 



tOH 



^czz>s 



tORH 



Data Valid 



;^ 
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HM67C932 Series - 



• Timing Waveform of Write Cycle No. 7 (OE = L, CS Controlled) (7) 



Address 



RLE 



CS 



Dout 



Din 



-K 



twc 



tRES 

Row Xx^^ 



tpEW 



X 



Jf' \ 



tREH 



^ 



Uw 

tWR 



tAS 



■^. 



tew 



/' 



WE nWwwwww : 



tCLZ 



tWP^1 



^s^ 



tWHZ 

IHIgh Impedance 



High Impedance 



<i: 



tpw 



r 



^ tRES 



^ tRWR 



tREH 



y////////////. 



tOH 



Data Valid 



- muttttt 



NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

3. Output data is the same phase of write data of this write cycle. 

4. If the CS low transition occurs after the WE low transition, output remains in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remains in 
high impedance state. 

7. ALE = ViH, PC = ViL, PError: Do not care. 
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HB66B1616A-25/35 

16,384-Word x 16-Bit High Speed Static RAM Module 

■ DESCRIPTION 

The HB66B1616A is a high speed 16K x 16 Static RAM module, 
mounted 4 pieces of 64K bit SRAIVI (HI\/I6289JP) sealed in SO J pack- 
age. An outline of the HB66B1616A is 36-pin dual In-line package. 
Therefore, the HB66B1616A makes high density mounting possible 
without surface mount technology. The HB66B1616A provides com- 
mon data inputs and outputs. Its module board has decoupling ca- 
pacitors to reduce noise. 

■ FEATURES 

• Single 5V (± 50/0) Supply 

• High Speed 

Access Time 25/35ns (max.) 

• Low Power Dissipation 

Active Mode 1200mW typ. 

Standby Mode 300mW typ. (TTL level) 

0.4mW typ. (CMOS level) 

• Equal Access and Cycle Time 

• Completely Static RAM 

No Clock or Timing Strobe Required 

• Directly TTL Compatible: All Inputs and Outputs 

■ ORDERING INFORMATION 



PIN ASSIGNMENT 



Part No. 


Access 


Package 


HB66B1616A-25 
HB66B1616A-35 


25ns 
35ns 


36-pin dual in-line 
leaded type 



DOo 1[ 




36 Vcc 


DQi 2. 




35 DQ15 


DQ2 3[ 




34 DQ14 


DQ3 4[ 




33 DQ13 


Ao 5[ 




32 DQ12 


Ai 6. 




31 GND 


A2 7[ 




30 Ai3 


A3 8[ 




29 A12 


A4 9[ 




28 A11 


As 10[ 




27 A10 


As 1l[ 




26 A9 


Ay 12[ 




25 As 


DQ4 13 . 




24 DO11 


DQ5 14 [ 




23 DQ10 


DOe 15[ 




22 DO9 


DO7 16[ 
CS 17[ 




21 DQs 
20 WE 


GND 18[ 




19 OE 


(Top View) 




PHYSICAL OUTLINE 



PIN DESCRIPTION 




Pin Name 


Function 


Ao - Ai3 


Address Input 


DQo - DQ15 


Data-in, Data-out 


CS 


Chip Select 


WE 


Write Enable 


OE 


Output Enable 


Vcc 


Power Supply (-h 5 V) 


GND 


Ground 
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HB66B1616A-25/35 



BLOCK DIAGRAM 



OE 
CS 



DQO •- 

DQ1 •- 

DQ2 •- 

DQ3 •- 



DQ4 •- 

DQ5 ♦- 

DQ6 •- 

DQ7 •- 



DQ8 •- 
DQ9 •- 
Q10 •- 
DQ11»- 



DQ12»- 
DQ13»- 
DQ14«- 
DQ15»- 



1/01 CS 

1/02 

1/03 MO 

1/04 



OE 



1/01 CS 

1/02 

1/03 M1 

1/04 



OE 



1/01 CS 

1/02 

1/03 M2 

1/04 



OE 



1/01 CS 

1/02 

1/03 M3 

1/04 



OE 



M0~M3 : HM6289JP 



A0~A13»- 
WE •- 
Vcc •- 



M0~M3 



-»-M0-M3 
^M0~M3 



C0~C5 



GND 



-•►M0~M3 
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HB66B1616A 25/35 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V^s 


v,„ 


-0.5(0 to +7.0 


V 


Power Dissipation 


Pt 


4.0 


W 


Operating Temperature Range 


lopr 


Oto +70 


°C 


Storage Temperature Range 


^^stg 


-55 to +125 


°C 


Storage Temperature Range Under Bias 


Tbias 


-10 to +85 


°C 



NOTE: 



V,n min. = -2.0V for pulse width < 10ns. 



TRUTH TABLE 




cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref . Cycle 


H 


X 


X 


Not Selected 


IsB' IsBi 


High-Z 


— 


L 


L 


H 


Read 


Ice 


Dout 


Read Cycle (1-3) 


L 


H 


L 


Write 


Ice 


D.n 


Write Cycle (1) (2) 


L 


L 


L 


Write 


Ice 


D,n 


Write Cycle (3-6) 



NOTE: X means don't care. 

■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = to 70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vee 


4.75 


5.0 


5.25 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High (Logic 1) Voltage 


V,H 


2.2 


— 


6.0 


V 


Input Low (Logic 0) Voltage 


ViL 


-0.5(1) 


— 


0.8 


V 



NOTE: 



. ViL min. = -2.0V for pulse width < 10ns. 



DC ELECTRICAL CHARACTERISTICS (T^ = to 70°C, Vcc = 5V ± 5%, Vg 



OV) 



Parameter 


Symbol 


Test Condition 


Min. 


Typ.(l) 


Max. 


Unit 


Input Leakage Current 


Ili 


Vcc = Max.,Vin = VsstoVcc 


-10 


— 


10 


M 


Output Leakage Current 


Ilo 


CS = ViH,Vi/o = VsstoVcc 


-2 


— 


2 


/iA 


Operating Power Supply Current 


Ice 


CS = ViL, Ii/o = 0mA 
Min. Cycle 


- 


240 


480 


mA 


Standby Power Supply Current 


ISB 


CS = ViH Min. Cycle 


— 


60 


120 


mA 


Standby Power Supply Current (1) 


ISBI 


CS = > Vcc -0-2V 
OV < Vin < 0.2V or 
Vi„ > Vcc -0.2V 


- 


0.08 


8 


mA 


Output High Voltage 


VOH 


loH = -4mA 


2.4 


— 


— 


V 


Output Low Voltage 


Vol 


Iql = 8mA 


— 


— 


0.4 


V 



NOTE: 1. Typical limits are at Vcc = 5.0V, Ta = +25 °C and specified loading. 



■ CAPACITANCE (Ta = 25°C, f = lMHz)(i) 










Parameter 


Symbol 


Test Conditions 


Min. 


Max. 


Unit 


Input Capacitance (Address, CS, OE, WE) 


Cm 


V.n = OV 


— 


35 


pF 


Input/Output Capacitance (DQ) 


Ci/0 


Vi/o = OV 


— 


15 


pF 



NOTE: 1. This parameter is sampled and not 100% tested. 
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I AC CHARACTERISTICS (T^ = to 70°C, Vcc = 5V db 5%, unless otherwise noted.) 
Test Conditions 

• Input Pulse Levels: V^g to 3.0V • Input Rise and Fall Times: 5ns 



' Input and Output Timing Reference Levels: 1.5V 



• Output Load: See Figures 



Dout 



+5V 
i 48012 



Dout 



+5V 
i 4800 



2550 



30 pF* 



25512 



5pF* 



/77 

Output Load A 



777 



Output Load B 

(for tcHz, tcLZ» toHZ' toLZ» ^WHZ ^ ^Ow) 



♦Including scope and jig capacitance. 



Read Cycle 



Parameter 


Symbol 


HB66B1616A-25 


HB66B1616A-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


25 


— 


35 


— 


ns 


Address Access Time 


tAA 


— 


25 


— 


35 


ns 


Chip Select Access Time 


Ucs 


— 


25 


— 


35 


ns 


Chip Selection to Output in Low-Z 


tCLz(^> 


5 


— 


5 


— 


ns 


Output Enable to Output Valid 


tOE 


— 


12 


— 


15 


ns 


Output Enable to Output in Low-Z 


toLz(^) 





— 





— 


ns 


Chip Deselection to Output in High-Z 


tCHz(^> 





12 





20 


ns 


Chip Disable to Output in High-Z 


tOHZ<^) 





10 





10 


ns 


Output Hold from Address Change 


toH 


3 


— 


5 


— 


ns 


Chip Selection to Power Up Time 


tpu 





— 





— 


ns 


Chip Deselection to Power Down Time 


tpD 


— 


25 


— 


30 


ns 



NOTE: 1. Output transition is measured ±200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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Read Timing Waveform (1) (1) 



Address 



tRC 



>C 



tAA 



5i \\\^\\\\\\\\^ K 



tOE 



tOLZ 



5? ^^L 



tACS 



tCLZ 



Dout 



<X:< 



><: 



^////////// 




toH 



A^ //////////A 



^ tpHZ 



tCHZ 



XX^ 



Read Timing Waveform (2) (1) (2) (4) 



Address 



Dout 



tRC 



>C 



tAA 



tPH 



xxxx 



>c 



tOH 
■^ > ■ 



>c: 



Read Timing Waveform (3) (1) (3) (4) 



cs ^ 


V 






7 


/ 




< tACS ^ 






tcHZ 






< *^LZ , 










■* ""l/vyv/K 


/ 


> 




Doul 


^tpu^ 


N/\/\/ 










,tpD^ 


















Vcc supply . 

current -22 ^ 


^% 


50%^ 


"V 


tSB 




NOTES: 1 . WE is high for read cycle. 




2. Device is continuously selected, CS = Vil. 




3. Address valid prior to or coincident with CS transition low. 




4. OE = Vil. 
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• Write Cycle 



Parameter 


Symbol 


HB66B1616A-25 


HB66B1616A-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


25 


— 


35 


— 


ns 


Chip Selection to End of Write 


k:w 


20 


— 


30 


— 


ns 


Address Valid to End of Write 


Uw 


20 


— 


30 


— 


ns 


Address Setup Time 


tAS 





— 





— 


ns 


Write Pulse Width 


twp 


20 


— 


30 


— 


ns 


Write Recovery Time 


tWR 





— 





— 


ns 


Output Disable to Output in High-Z 


toHZ^l) 





10 





10 


ns 


Write to Output in High-Z 


tWHZ^^^ 





8 





10 


ns 


Data to Write Time Overlap 


tow 


12 


— 


20 


— 


ns 


Data Hold from Write Time 


tDH 





— 





— 


ns 


Output Active from End of Write 


W^) 


5 


— 


5 


— 


ns 



NOTE: 1. Output transition is measured ±200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 

• Write Timing Waveform (1) (OE = H, WE Controlled) 



Address 



twc 



>c 



5s xWW^^^^^ v 



tew 



/////////////A 



tAW 



tAS 



WE 

Data In 
Dout 



^^ 



twp*i 



ww^ttmrnw i 



tpw 



>c 



tWR'2^ 



Z 



y^ 



, tpH. 



Data Valid 



^xxxxxxxx 



High Impedance 
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• Write Timing Waveform (2) (OE = H, CS Controlled) 



Address 

CS 

WE 

Data In 
Dout 



>c 



twc 



>c 



tAW 



tAS 



tew 



X. 



y 



\\\\\\\\\\\\\\\^ 



tWP*1 



:^ 



tpw 



■ twR^2 . 




y/////////////. 



. tpH, 



Data Valid 



High Impedance 



^<SffiSS 



• Write Timing Waveform (3) (OE = Clocked, WE Controlled) 



Address 



OE 



CS 



WE 



Dout 



Din 



twc 



>c 



y/////////A ( 



WWWWWW^ 



tew 



tAW 



j^^ 



>c 



\x\^^\\^ 



/////////////A 



"^^ 



twp*'» 



tOHZ*3^ 



> 



High Impedance 



■<xx 



tpw 



^twR*2 ^ 



;^ 



tOLZ 

-* ^ 



k: 



, tpH 



Data Valid 



xx>- 
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• Write Timing Waveform (4) (OE = Clocked, CS Controlled) 



Address 

OE 
CS 

WE 

Din 
Dout 



two 



>c 



>c 



v//////////// - 



tAS 



tew 



K 



tAW 



nWWWWWWW^ 



tWP^1 






^ xWWWW 



XXX 



tpw 



y///////////A 



Jdh^ 



Data Valid 



xk: 



High Impedance 
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• Write Timing Waveform (5) (OE = L, WE Controlled) 



Address 



WE 



Din 



ImL 



>c 



cs xWWWWW^ . 



tew 



/////////////A 



tAW 



tAS tvi 



tWP*1 



tWHZ*3 



^ »»»»»»»»^ 



High Impedance 



High Impedance 



^ 



tpw 



>c 



,twR'2^ 



Y 



tow 




tOH 



tOH 



ci3m: 



Data Valid 



> 



•5 
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• Write Timing Waveform (6) (OE = L, CS Controlled) 



Address 
CS 



>c 



Dout 



Din 



mi- 



tAS 



^^ 



^ v\\\\\\\\\\\^ ?^r 



tew 



tAW 






twp'i 



)C 



y 



IGDI 



High Impedance 



ffimEffi> 



tpw 



^^WR-2, 



' //////////////. 



tOH 



okz^i^^^^HSxm: 



NOTES: 1 . A write occurs during the overlap of a low CS and a low WE (twp)- 

2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the output must not be 
applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state after tow- Then the data input signals of opposite phase 
to the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if twR is long enough. 

7. If the CS low transition occurs simultaneously with the OE high transition or after the OE transition, the output 
buffers remam in a high impedance state. 
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HB66A2568A-25/35 

262,144-Word x 8-Bit High Speed Static RAM Module 

■ DESCRIPTION 

The HB66A2568A is a high speed 256K x 8 Static RAM module, 
mounted 8 pieces of 256K bit SRAM (HM6207HJP) sealed in SOJ 
package. An outline of the HB66A2568A is 60-pin zigzag in-line 
package. Therefore, the HB66A2568A makes high density mounting 
possible without surface mount technology. The HB66A2568A pro- 
vides separate data inputs and output. Its module board has decoup- 
ling capacitors to reduce noise. 

■ FEATURES 

• Single 5V (± 10%) Supply 

• High Speed 

Access Time 25/35ns (max.) 

• Low Power Dissipation 

Active Mode 2400mW typ. 

Standby Mode 800mW typ. (TTL level) 

0.8mW typ. (CMOS level) 

• Equal Access and Cycle Time 

• Completely Static RAM 

No Clock or Timing Strobe Required 

• Directly TTL Compatible: All Inputs and Outputs 

■ ORDERING INFORMATION 



PIN ASSIGNMENT 



Part No. 


Access 


Package 


HB66A2568A-25 
HB66A2568A-35 


25ns 
35ns 


60-pin zigzag in-line 
leaded type 



PHYSICAL OUTLINE 







87 63 1 25 






889 MAX, 1. 


s 


i 


34S0±0.0 




350 MAX ' 


T 




3 > 1 s |> 1 g [> 1 s > 


1 


ii 


5 r' 

5 I 


n 11 n n n n g 


wilt 


«r 






itiiiiii 

, ,127*025 


iiiiui 

.2 54 1025 




ftMfWy 

llo^oos 


iiiiir 




OJS**"" 


3 8110 38 


. 1 30 ± 20 




, 36 83 REF , 


•o'3:o°of 

, 6 35 REF 


* 051 ± 008 




°".005 

010 . QQJ 

2 54 ± 30 , 




ISO ± .ots 


1.450 REF 




* 250 REF 


80 01 REF 


100* 012' • ' 


1 


3 ISO REF 


.„ 




1 > |g||> S 


U_lli-_Y 


B ) 




r 1 

















PDO(OPEN) 2 

NC 4 

Vcc 6 

Do 8 

Qo 10 

Ao 12 

A2 14 

A4 16 

Ae 18 

Vss 20 

D2 22 

Q2 24 

WE 26 

_A9 28 

CSi 30 

NC 32 

NC 34 

Vcc 36 

D4 38 

Q4 40 

Aio42 

Ai2 44 

Ai4 46 

Ai6 48 

NC 50 

De 52 

Qe 54 

NC 56 

NO 58 

Vss 60 



J 1 

]3 


Vss 
PD1(GND) 


5 


NC 


J7 


Di 


. 9 


Qi 


. 11 


NC 


13 


Ai 


. 15 


A3 


17 


As 


J 19 


A7 


J 21 


D3 


J23 


Qa 


J 25 
]27 


Vcc 
Ae 


J29 


NC 


]31 


CS2 


.33 


NC 


.35 


NC 


J 37 


Ds 


39 


Qs 


J 41 


Vss 


.43 


All 


J45 


Al3 


.47 


Al5 


J49 


Al7 


.51 


D7 


53 


Q7 


55 


Vcc 


.57 


NC 


J 59 


NC 



(Top View) 




PIN DESCRIPTION 



Pin Name 


Function 


Ao ~ Ai7 


Address Input 


D0-D7 


Data-in 


Qo-Q? 


Data-out 


CSi,CS2 


Chip Select 


WE 


Write Enable 


Vcc 


Power Supply ( + 5V) 


Vss 


Ground 


NC 


Non-connection 
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BLOCK DIAGRAM 



CS1 ^ 
WE •- 
ADD •- 



DO 
QO 



D2 
Q2 



D4 
Q4 



D6 
Q6 



ADD WE CS 



MO 



Din 
Dout 



ADD WE CS 

M2 
Din 
Dout 



ADD WE CS 

M4 
Din 
Dout 



ADD WE CS 

M6 
Din 
Dout 



CS2 •- 



D1 
Q1 



D3 
Q3 



D5 
Q5 



D7 
Q7 



1 



ADD WE CS 



M1 



Din 
Dout 



ADD WE CS 

IVI3 
Din 
Dout 



ADD WE CS 

M5 
Din 
Dout 



ADD WE CS 

M7 
Din 
Dout 



\//^r* 






M0~M7 


vcc 




1 * 


Vss 


00-07 
r 







O=0.22[iF 



M0-M7 : HM6207HJP 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to W^s 


V.n 


-0.5(1) to +7.0 


V 


Power Dissipation 


Pt 


8.0 


W 


Operating Temperature Range 


Topr 


Oto +70 


°c 


Storage Temperature Range 


^stg 


-55 to +125 


°c 


Storage Temperature Range Under Bias 


Tbias 


-10 to +85 


°c 



NOTE: 1. V,n min. = -2.5V for pulse width < 10ns. 



TRUTH TABLE 




CSi,CS2 


WE 


Mode 


Vcc Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not Selected 


IsB. IsBi 


High-Z 


— 


L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


High-Z 


Write Cycle 



NOTE: X means don't care. 

■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T^ = to 70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 


0.0 


0.0 


0.0 


V 


Input High (Logic 1) Voltage 


VlH 


2.2 


— 


6.0 


V 


Input Low (Logic 0) Voltage 


ViL 


-0.5(0 


— 


0.8 


V 



NOTE: 



ViL min. = -2.0V for pulse width < 10ns. 



DC ELECTRICAL CHARACTERISTICS (T^ = to 70°C, Vcc = 5V db 10%, Vss = OV) 



Parameter 


Symbol 


Test Condition 


Min. 


Typ.(i) 


Max. 


Unit 


Input Leakage Current 


Ili 


Vcc = Max.,V.n = VsstoVcc 


-10 


— 


10 


(jlA 


Output Leakage Current 


Ilo 


CSi,CS2 = ViH,Vi/o = VsstoVcc 


-10 


— 


10 


tiK 


Operating Power Supply Current 


Ice 


CS,, CS2 = VjL, Ii/o = 0mA 
Min. Cycle, Duty = 100% 


- 


480 


960 


mA 


Standby Power Supply Current 


ISB 


CSi, CS2 = ViH Min. Cycle 


— 


160 


320 


mA 


Standby Power Supply Current (1) 


ISBI 


CS,, CS2 = > Vcc -0.2V 
OV < Vin < 0.2V or 
V,n > Vcc -0.2V 


- 


0.16 


16 


mA 


Output High Voltage 


VoH 


loH = -4mA 


2.4 


— 


— 


V 


Output Low Voltage 


Vol 


Iql = 8mA 


— 


— 


0.4 


V 



NOTE: 1. Typical limits are at Vcc = 5.0V, Ta = +25 °C and specified loading. 
■ CAPACITANCE (Ta = 25°C, f = lMHz)(0 



Parameter 


Symbol 


Test Conditions 


Min. 


Max. 


Unit 


Input Capacitance (Address, WE) 


Cn 


V,n = ov 


— 


70 


pF 


Input Capacitance (CS) 


C12 


Vin = OV 


— 


45 


pF 


Input Capacitance (Data in) 


Co 


Vin = OV 


— 


12 


pF 


Output Capacitance (Data out) 


Co 


Vout = OV 


— 


16 


pF 



NOTE: 1. This parameter is sampled and not 100% tested. 
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■ AC CHARACTERISTICS (T^ = 0°C to 70°C, Vcc = 5V ± 10%, unless otherwise noted.) 
• Test Conditions 



Input Pulse Levels: Vss to 3.0V 

Input and Output Timing Reference Levels: 1.5V 



» Input Rise and Fall Times: 5ns 
• Output Load: See Figures 



Dout 

a- 



+5V 
i 4800 



255 fi 



a 



Dout 



+5V 
480 n 



30 pF 



2550 



5pF* 



/77 

Output Load A 



/77 



Output Load B 
(for Ihz, Ilz, twz & tow) 



♦Including scope and jig capacitance. 

• Read Cycle 



Parameter 


Symbol 


HB66A2568A-25 


HB66A2568A-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


25 


— 


35 


— 


ns 


Address Access Time 


tAA 


— 


25 


— 


35 


ns 


Chip Select Access Time 


Ucs 


— 


25 


— 


35 


ns 


Output Hold from Address Change 


toH 


5 


— 


5 


— 


ns 


Chip Selection to Output in Low-Z 


w^) 


5 


— 


5 


— 


ns 


Chip Deselection to Output in High-Z 


W') 





12 





20 


ns 


Chip Selection to Power Up Time 


tpu 





— 





— 


ns 


Chip Deselection to Power Down Time 


tpD 


— 


15 


— 


25 


ns 



NOTE: 1. Transition is measured ±200mV from steady state voltage with Lx)ad (B) 
This parameter is sampled and not 100% tested. 
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Timing Waveform of Read Cycle (1) (1) (2) 



Address 



Dout 



tRC 



>c 



tAA 



tpH 



>C 



tOH 

-* * " 



>^y^O k ^a.ava.,d > ^ 




Timing Waveform of Read Cycle (2) (1)(3) 



CS 



Dout 



Vcc supply , 
current ^^ 



isB 



^C 



tRC 



tACS 



tCLZ 



tpu 

-^ ► 



^f^KX 



^^50% 



^^ 



< '"^ > 



:^ 



tpD^ 



50% 



^ 



NOTES: 1 . WE is high for read cycle. 

2. Device is continuously selected, CS = Vil. 

3. Address valid prior to or coincident with CS transition low. 
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• Write Cycle 



Parameter 


Symbol 


HB66A2568A-25 


HB66A2568A-35 


Unit 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


25 


— 


35 


— 


ns 


Chip Selection to End of Write 


tew 


20 


— 


30 


— 


ns 


Address Valid to End of Write 


tAW 


20 


— 


30 


— 


ns 


Address Setup Time 


tAS 





— 





— 


ns 


Write Pulse Width 


twp 


20 


— 


30 


— 


ns 


Write Recovery Time 


twR 


3 


— 


3 


— 


ns 


Data Valid to End of Write 


tow 


15 


— 


20 


— 


ns 


Data Hold Time 


toH 





— 





— 


ns 


Write Enabled to Output in High-Z 


twz<') 





8 





10 


ns 


Output Active from End of Write 


tow(2) 





— 





— 


ns 



NOTE: 1. Transition is measured ±200mV from high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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Timing Waveform of Write Cycle (1) (WE Controlled) 



Address 



iwc 



>c 



OS,. x\\\\\\\\\\\^ . 



tew 



3 



><: 



v////////////. 



tAW 



tAS 



WE 

Din 
Dout 



^^ 



wwmmtit wm^ 



twp*i 



^ tpw 



„ ^ twR*2 



j^ 



-*MU 



Data Valid 



, twz . 



^^^^^^ 




)kmssx 



tow 



High Impedance 



-JohX 



^^m 
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• Timing Waveform of Write Cycle (2) (CS Controlled) 







-« '^ *. 




Address 


) 


< 

< tAW ^ 


>< 




^ tAS ^ ^ tew ^ 












CS1.2 


1 « *WP*1 ^ 




WE 


-^^^^^^^^^^^^^^^^^' '//////////////. 






^ tow ^ 


^ tDH ^. 








Din 


XXXXXXXXXXXXXXXX)K Da«», valid 


xxxxxxxx> 



Dout 



High Impedance *3 



NOTES: 1 . A write occurs during the overlap of a low CS and a low WE. 

2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

4. Dout is the same phase of write data of this write cycle, if twR is long enough. 
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2K Entry TAG Memory for Cache Sub System 



The HM644332 TAGM is a 2048-entry tag memory 
fabricated with CMOS technology It supports 
compact cache systems with 2-way or 4-way set 



associativity and a high level of performance for 
32-bit microprocessor systems, when used to- 
gether with fast static RAMs as data RAMs 



Features 



• Programmable organization. 512-entryx4-wayor 

1024-entry x 2-way 

• Memory organization. 512 words x 98 bits 

98 bits = (20 tag bits + 1 parity bit + 2 validity bits) x 
4 ways + 6 LRU bits 

• Fast access time: 25/30 ns max from address inputs, 

18 ns max from tag data inputs 

• Single -»- 5 V supply 




• TTL-compatible inputs and outputs 

• LRU (least recently used) replacement algorithm 

• Purge functions (all purge and partial purge) 

• Internal parity generator/checker 

• 64-pin pin-grid-array 



Ordering Information 



Access Time 



Part No. 


From Address 


From Tag Data 


Package 


HM644332G-25 


25 ns 


18 ns 


64-pin PGA 


HM644332G-30 


30 ns 


18 ns 
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Pin Arrangement 



® o o 

19 20 21 

o o o 


99999 

O O o 


O ® 

66 


18 51 52 


53 54 55 56 


57 


58 29 


o o 






o o 


17 50 






59 30 


o o 






o o 


16 49 






60 31 


o o 






o o 


15 48 


Bottom view 




61 32 


o o 






o o 


14 47 






62 33 


o o 






o o 


13 46 






63 34 


o o 






o o 








64 35 


o o o 


o o o o 


() 


o o 




42 41 40 39 






® o o 


O o 


Q 


o ® 


10 9 8 


7 6 5 4 


3 


2 1 



Pin No. 


Function 


Pin No. 


Function 


Pin No. 


Function 


1 


N.C. 


23 


\ 


45 


™e 


2 


MHIT 


24 


A5 


46 


™, 


3 


HiyREP, 


25 


A7 


47 


Vcc 


4 


HIT2/REP2 


26 


^ 


48 


TO,3 


5 


HIT3/REP3 


27 


N.C. 


49 


TO,5 


6 


TDo 


28 


N.C. 


50 


™,7 


7 


TD, 


29 


PINV 


51 


TD,9 


8 


EXTH 


30 


SBLK 


52 


\ 


9 


MHENBL 


31 


SB, 


53 


^2 


10 


N.C. 


32 


INH 


54 


Vss 


11 


TD7 


33 


INVL 


55 


\ 


12 


^De 


34 


SET 


56 


\ 


13 


TD,o 


35 


H/R 


57 


PURGE 


14 


TD,, 


36 


HIT 


58 


MODE 


15 


TD,2 


37 


HCo/RCo 


59 


VINV 


16 


TDi4 


38 


HC/RC^ 


60 


SB„ 


17 


TD,e 


39 


HIT/REP^ 


61 


Vcc 


18 


TD,8 


40 


Vss 


62 


WRITE 


19 


N.C. 


41 


TD, 


63 


RLATCH 


20 


N.C. 


42 


TD3 


64 


PERR 


21 


^ 


43 


TD4 






22 


^ 


44 


TD5 
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Pin Description 



Symbol 


Pin Name 


Pin No. 


I/O 


Function 


MODE 


Mode 


58 


1 


Mode selection 

MODE = H: 512-entry x 4-way 
MODE = L : 1024-entry x 2-way 


VAg 


Address 


52.21,53,22,23, 
24, 55, 25, 56. 26 


1 


Address inputs: Ag is not used for 4-way; fix 
it to H or L 



SET 



6,41,7,42-^5. 
11, 12,46,13, 14, 
15,48, 16,49, 17, 
50, 18,51 



Tag information 



Set 





Purge 


57 




PURGE 


1 All purge is done when PURGE = L 


INVL 


Invalidate 


33 


1 Partial purge: V bit of specified address is 
forced to (L) 


SBLK 


Way Select Enable 


30 


1 Enables external way selection in replace- 
ment and invalidation cycles 


SB,,SB^ 


External Way Address 


60,31 


1 External way address input: Enabled when 
SBLK = H 




Write 


62 




WRITE 


1 Enables write 



I Timing pulse 

Read cycle: Updates LRU 

Write cycle: Stores tag, sets V bits to H, 

and updates LRU 
Partial purge cycle: Shifts LRU and sets 
V bits to L 



INH 


Inhibit 


32 


1 


Inhibits all functions except all purge 


H/R 


Hit/Replace Selection 


35 


1 


Output selection 

H/R = H: Hit information 
H/R = L : Replace information 


RLATCH 


Replace Latch 


63 


1 


Latch control for replace information 


PINV 


Parity Inversion 


29 


1 


Used for testing only 


VINV 


Validity Inversion 


59 


1 


Used for testing only 


MHENBL 


MHIT Enable 


9 


1 


Enables MHIT output 


EXTH 


External Hit Control 


8 


1 


Forces MHIT output to L 


HIT 


Hit 


36 





Hit output: NORofHIT^toHITg 


HC°/RC° 


Hit/Replace Code 


37,38 





Coded output of hit or replace information 


HITq/REPq- 
HIT3/REP3 


■ Hit/Replace 


3,39, 
4,5 





Uncoded output of hit or replace information 


PERR 


Parity Error 


64 





Indicates parity error 


MHIT 


Modified Hit 


2 





Hit output modified by MHENBL and EXTH 


Vcc 


Power 


47,61 


1 


Connects to + 5V power supply 


Vss 


Ground 


40,54 


1 


Connects to ground 
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Block Diagrams 



Internal Blocks 



^O- 



AflO- 



Address 
buffer 
and 
decoder 



Entry 



Parity 
data 



Parity 
generator 



d 



TD, 



•oO- 



TD. 



190- 



data 
buffer 




Tag 
data 



Purge 
buffer 



PURGE 



SZ. 



Memory cell 

512 entries 
X 6 bits 



Replace information 



Sense out I 



> 



Comparators 



Hit information 



^ 



Parity 
checker 



Replace information 



<^ 



Vi 



:<2l 



L LRU 
logic 



New LRU data 



MPXand 
output control 



TZZJ 



12L 



Output control 



Hit/replace 
information 



I 



Parity error 
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Output Control Block 



\ 20 



\-\o\ 



Cell 
array 
(TAG. V) 



MHENBL EXTH 



r'-y 






:^yy-X>^ 



MHIT 



Compare 
and validity 
check 



■4- 



SET , 



■[Latch 



h! 



LRU 
update 



^M 



Latch 



1 



o 






Replace 
logic 



Decode - 



MPX 



\4 n 



NOR 



-CHIT 



MPX 



6 

SBLK 



SHIT^/REP, 



t 



Encode 



Parity 
check 



iv 



NOR 



. PERR 



6 

H/R 
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Function Tables 



1. Basic Functions (all combinations not listed below are inhibited) 



Input 



Tag Info. 



Control Info. 



LRU 



INH 


PURGE 


SET 


WRITE 


INVL 


Tag Bits 


PBit 
(Parity) 


VBits 

(Validity) LRU Bits Function Mode 


L 


H 


X 


X 


X 


No change 


No change 


No change No change Inhibit*'^ 


H 


H 


H 


X 


X 


No change 


No change 


No change No change Tag read 


H 


H 


- 


H 


H 


No change 


No change 


No change No change^ Tag read 
or updated 


H 


H 


~ ~ 


L 


H 


TD„-TD,9 


Set 


H Updated Tag write 


X 


L 


H 


X 


X 


Undefined 


Undefined 


L (All) Initialized All purge 


H 


H 


- - 


H 


L 


No change 


No change 


No change No change^ Partial purge 
L*2 or shiftedM 



x: HorL 

Notes: *1 When SBLK = L and there is no hit, LRU is not changed. 

*2 When SBLK = L and there is no hit, the V bits are not changed. 

*3 In inhibit mode, HIT and PERR outputs are H but all other outputs are L. 

*4 Shifted means that the partially-purged way becomes the least recently used way. 



2. Hit or Replace Information Output 



Input 



Internal Information ' 



Output 



hitp/ hit/ hitj/ hitg/ HIT^/ HIT/ HIT/ HIT3/ HC^/ HC/ 



MODE 


\ 


rePo 


rep, 


rep^ 


rep3 


REP, 


REP, 


REPj 


REP3 


«Co 


RC, 


HIT 


Mode 


H 


X 


L 


L 


L 




L 




L 




L 


L 


H 


4-way 


H 


X 


H 


L 


L 




H 




L 




L 


L 






H 


X 


L 


H 


L 






H 


L 




H 


L 






H 


X 


L 


L 


H 








H 




L 


H 






H 


X 


L 


L 


L 


H 






L 


H 


H 


H 








L 


L 


X 


L 


X 






L 




L 


L 


H 


2-way 




L 


H 


X 


L 


X 


H 




L 




L 


L 








L 


L 


X 


H 


X 






H 




L 


H 








H 


X 


L 


X 


L 






L 




L 


L 


H 






H 


X 


H 


X 


L 




H 


L 




H 


L 








H 


X 


L 


X 


H 




L 


L 


H 


H 


H 







X: HorL 

Notes: *1 Internal information rep^to rep^is determined by on-chip LRU logic when SBLK = L. 

When SBLK = H, the internal information is determined by external signals SB^ and SB^ 
*2 Correct operation is not guaranteed if 2 or more ways are hit at the same time. 
•3 HIT output is valid when H/R « H. 
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3. Partial Pui^e (INVL = L) 
Input 



Internal Info. 



Purged Way SET 



MODE 


\ 


SBLK 


SBo 


SB, 


hit, 


hlt^ 


hitj 


hlt3 





1 


2 


3 


LRU 


Mode 


H 


X 




X 


X 


L 


L 


L 




— 


— 


— 


— 


No change 


4-way 


H 


X 




X 


X 


H 


L 


L 




Q 


- 


- 


- 


Shifted 




H 


X 




X 


X 


L 


H 


L 




- 


Q 


- 


- 


Shifted 




H 


X 




X 


X 


L 


L 


H 




- 


- 


Q 


- 


Shifted 




H 


X 




X 


X 


L 


L 


L 


H 


- 


- 


- 


Q 


Shifted 




H 


X 


H 


L 


L 


X 


X 


X 


X 


Q 


- 


- 


— 


Shifted 




H 


X 


H 


H 


L 


X 


X 


X 


X 


- 


Q 


- 


- 


Shifted 




H 


X 


H 


L 


H 


X 


X 


X 


X 


— 


— 


Q 


— 


Shifted 




H 


X 


H 


H 


H 


X 


X 


X 


X 


- 


- 


- 


Q 


Shifted 








L 


X 


X 


L 


X 


L 


X 


- 


- 


- 


- 


No change 


2-way 






L 


X 


X 


H 


X 


L 


X 


Q 


- 


- 


- 


Shifted 








L 


X 


X 


L 


X 


H 


X 


- 


- 


Q 


- 


Shifted 








H 


L 


L 


X 


X 


X 


X 


Q 


- 


— 


- 


Shifted 








H 


L 


H 


X 


X 


X 


X 


- 


- 


Q 


- 


Shifted 






H 


L 


X 


X 


X 


L 


X 


L 


— 


- 


— 


- 


No change 






H 


L 


X 


X 


X 


H 


X 


L 


- 


Q 


- 


- 


Shifted 






H 


L 


X 


X 


X 


L 


X 


H 


- 


- 


- 


Q 


Shifted 






H 


H 


H 


L 


X 


X 


X 


X 


- 


Q 


- 


- 


Shifted 






H 


H 


H 


H 


X 


X 


X 


X 


- 


- 


- 


Q 


Shifted 






Note: Correct operation is not guaranteed if 2 or more ways are hit at the same time 



4. Parity Error and V Bits 



pen 



PEn 



(n: 0to3) 
Hit Infa^ 



L 


L 


L 


L 


— 


L 


L 


H 


H 


Hit 


L 


H 


L 


H 


Hit 


L 


H 


H 


L 


Hit 


H 


L 


L 


L 


— 


H 


L 


H 


H 


Hit 


H 


H 


L 


H 


Hit 


H 


H 


H 


H 


Hit 



pen: internal parity error in way n 
ig/vn^: Duplicate validity bits. 

PEn: Determined by the following equation: 
pen + (vn^evn^) 



Notes: M PERR is the NOR of PEO to PE3. 

*2 Output information when internal hit is valid. 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


V 


Input Voltage at Any Pin Relative to Vgg 


V,n 


-3.0 to +7.0 


V 


Output Voltage at Any Pin Relative to Vgg 


V„„, 


-0.5 to +7.0 


V 


Output Current 


lou, 


±20 


mA 


Power Dissipation 


Py 


1.5 


W 


Operating Temperature 


V 


-10 to +85 


»C 


Storage Temperature 


Ts« 


-65 to +125 


«C 



Note: Permanent device damage may occur if absolute maximum ratings are exceeded. Functional operation 
should be restricted to the conditions detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

Recommended DC Operating Conditions (T^ = to +70°C) 

Item Symbol Min. Typ. Max. Unit 



Supply Voltage 


Vc^' 


4.5 


5.0 


5.5 


V 


Input Low Voltage 


v 


-0.5*2 


- 


0.8 


V 


Input High Voltage 


<' 


2.2 


- 


6.0 


V 



Notes: *1 All voltages are relative to Vgg. 

*2 -3.0 V for pulse width of 20 ns or less. 

DC and Operating Characteristics (T^ = to +70°C, V^^ = 5 V ±10%, Vgg = V) 

Item Symbol Test Conditions Min. Typ. Max. Unit 



Operating Power 


Ice 


Mm. cycle, 1^^^ = mA 


- 


- 


200 


mA 


Supply Current 


Cycle = 100 ns. 1^^^^ = mA 


- 


- 


180 


mA 


Input Leakage Current 


1,L 


V,n = VsstoV^^ 


-10 


- 


10 


^A 


Output Voltage 


Vol 


loL = 8mA 


- 


- 


0.4 


V 




VoH 


lo^ = -4mA 


2.4 


- 


- 


V 



Capacitances (T = 25°C, f = 1 MHz) 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


c,„ 


v^ = ov 


- 


- 


10 


PF 


Output Capacitance 


Cou, 


Vout = OV 


— 


— 


TBD 


PF 



Note: These parameters are sampled, not 100% tested. 
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HM644332 



unless otherwise noted) 



AC Test Conditions 

• Input pulse levels 0Vto30V 

• Input pulse rise and fall times. ns to 5 ns (time between 0.8 V and 2 2 V) 

• Input and output timing reference levels. 15V 

• Output load. Sec figure 




Output Load 



Q +5V 



480 i^ 



DoUT^ 



30 pF * ■ 



255 Q 



777- 



7/Z- 



*lncluding scope and jig 
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1. Tag Read Cycle (MODE = H or L, PURGE = H, WRITE = H, INVL = H, PINV = H or L, VINV = H or L, 
INH = H) 



HM644332G-25 



HM644332G-30 



Item 


Symbol 


Min. 


Max. 


Min. 


Max. 


Unit 


Read Cycle Time 


'rc 


50 


- 


50 


- 


ns 


Address Valid to HIT. HC„, HIT 

' n' n 


'ah 


- 


25 


- 


30 


ns 


Address Valid to MHIT 


Vmh 


- 


27 


- 


32 


ns 


Tag Data Valid to HIT, HC^. HIT^ 


Vh 


- 


18 


- 


18 


ns 


Tag Data Valid to MHIT 


'tmh 


- 


20 


- 


20 


ns 


HIT. HC . HIT Hold Time 
n n 


<HH 





- 





- 


ns 


Address Valid to RC . REP„ 

n' n 


'ar 


- 


35 


- 


40 


ns 


Address Valid to PERR 


'ap 


- 


35 


- 


40 


ns 


Address Setup Time for SET 


'as 


25 


- 


25 


- 


ns 


Tag Data Setup Time for SET 


'ts 


25 


- 


25 


- 


ns 


SET Pulse Width 


^SW 


20 


- 


20 


- 


ns 


SET Recovery Time 


'SR 


5 


- 


5 


- 


ns 


RLATCH Setup Time 


'rls 


10 


- 


10 


- 


ns 


RC . REP Hold Time for RLATCH 

n n 


'rh 





- 





- 


ns 


SBLK. SBq. SB^ Setup Time for RC^. REP^ 


'SBR 


- 


25 


- 


25 


ns 


SBLK. SBq. SB^ Hold Time 


'sBH 


5 


- 


5 


- 


ns 


RC^, REP^ Hold Time for SBLK. SBq. SB^ 


'SH 





- 





- 


ns 


SBLK. SBq. SB^ Setup Time for SET 


'SBS 


25 


- 


25 


- 


ns 


PERR Hold Time 


'PH 





- 





- 


ns 


H/R to Multiplex Output Change 


'hr 


- 


10 


- 


12 


ns 


MHENBL, EXTH to MHIT Output 


Wh 


- 


10 


- 


12 


ns 
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2. Tag Write Cycle (MODE = H or L, PURGE = H, WRITE = L, INVL = H, H/R = L, INH = H) 

HM644332G-25 HM644332G-30 

Item 



Symbol 



Min. 



Max. 



Min. 



Max. 



3. Partial Purge (MODE = H or L, PURGE = H, WRITE = H, INVL = L, H/R = H or L, INH = H, 



Item 



RLATCH = L, PINV = H or L, VINV = H or L) 

HM644332G.25 
Symbol 



HM644332G-30 



Min. 



Max. 



Min. 



Max. 



4. All Purge (SET = H, other control inputs are H or L) 



HM644332G-25 



HM644332G-30 



Item 



Symbol 



Min. 



Max. 



Min. 



Max. 



Unit 



Write Cycle Time 




w 


50 


— 


50 


— 


ns 


Address Valid to RC . REP 

n n 




AR 


— 


35 


— 


40 


ns 


Address Setup Time for SET 




^AS 


25 


- 


25 


- 


ns 


Tag Data Setup Time for SET 




Vs 


25 


- 


25 


- 


ns 


SET Pulse Width 




^SW 


20 


- 


20 


- 


ns 


SET Recovery Time 




^SR 


5 


- 


5 


- 


ns 


RLATCH Setup Time 




RLS 


10 


— 


10 


— 


ns 


SBLK, SBq, SB, Setup Time for SET 




^SBS 


25 


- 


25 


- 


ns 


SBLK, SBq, SB, Setup Time for RC^, 


REP^ 


^SBR 


- 


25 


- 


25 


ns 


RC^, REP^ Hold Time for SBLK. SB^, 


SB, 


SH 





- 





- 


ns 


SBLK Hold Time 




^SBH 


5 


— 


5 


— 


ns 


PINV. VINV Setup Time for SET 




IS 


25 


— 


25 


— 


ns 


PINV, VINV Recovery Time for SET 




IR 


5 


- 


5 


- 


ns 



Unit 



Partial Purge Cycle 


Vpc 


50 


— 


50 


— 


ns 


Address Setup Time for SET 


^AS 


25 


- 


25 


- 


ns 


Tag Data Setup Time for SET 


hs 


25 


- 


25 


- 


ns 


SET Pulse Width 


^sw 


20 


- 


20 


- 


ns 


SET Recovery Time 


^SR 


5 


- 


5 


- 


ns 


SBLK, SBq, SB, Setup Time for SET 


tsBS 


25 


- 


25 


- 


ns 


SBLK, SBq, SB, Hold Time 


^SBH 


5 


- 


5 


- 


ns 



Unit 



All Purge Cycle Time 


Vpc 


100 


- 


100 


- 


ns 


Purge Pulse Width 


Vpw 


50 


— 


50 


— 


ns 


Purge Recovery Time 


Vr 


50 


— 


50 


— 


ns 
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Timing Charts 

1. Tag Read Cycle 



(MODE = H or L. PURGE = H. WRITE = H. INVL = H, PINV = H or L, VINV = H or L, INH = H) 



H/R 



HIT. 



MHENBL, 
EXTH 



MHIT 



PERR 



SET 



RUTCH " 



SBLK 



Input valid 



3C 



)C 



Input valid 



yc 



3C 



3C 



)^ Output valid ) ^ 



^^ Output valid ^^ 



)1, '"P"' 



valid 



t H*- MMH ^ 



3€ 



^^ Output valid j^ 



h^ Vs" 

— 'as 



*..« <sw >l<^"» 



7^ Output valid j^ 



7i 



T T t„, 

^1 



'I I RLS 



3C 



\ I 



Input valid 



)( 



3C 



Input valid 



)C 



Notes: 

*1 Valid when H/R = H. 

*2 Valid when H/R = L 

*3 LRU is updated when SET = L 

*4 Replace information is latched when RLATCH = H. 

*5 Valid when SBLK = L 

*6 Valid when SBLK = H. 
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2. Tag Write Cycle 



HM644332 



H/R 



SET 



RLATCH ^ 



SBLK 



PINV.VINV 



(MODE = H or L, PURGE = H, WRITE = L, INVL = H, INH = H) 



3( 



wc~ 



Input valid 



)€ 



V 



j^ 



3€ 



Output valid 



3r 



Input valid 



r'TsT 
'as — r 



H 



)c: 



sw 



^^_^^ 



3C 



3C 



^£ 



I *SBH->^ 



i^ 



Ms, 



Input valid 



3C 



- ^SBS ->i 



^^ Input valid ^^ 

u 



-'is-^ 



)€ 



Input valid 



3( 



H 



Notes. 

*1 Tag is stored, V bits go H, and LRU is updated 

*2 Replace information is latched when RLATCH = H 

*3 Valid when SBLK = L 

*4 Valid when SBLK = H 
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3. Partial Purge Cycle 



SET 



SBLK 



(MODE = H or L, PURGE = H. WRITE = H. INVL = L. H/R = H or L, INH - H. RLATCH = L. 
PiNV = HorL.ViNV = HorL) 



)C 



Input valid 



3C 



)C 



Input valid 



'ts > 



)C 



Notes: 

*1 Valid when SBLK = L. 

*2 LRU is shifted and V bits go L. 

*3 Valid when SBLK = H. 



■'SBS-*" 



V 



Input valid 



3C 



Input valid 



)C 



^^ 



)C 



)C 



4. All Purge Cycle 



(SET = H, other control inputs are H or L) 




^-^ > 


I 


Input valid 




t 


« ♦□□ 


\ 7 

^ t 




" 


PURGE 


\ 


c 






< 'apc 


" 
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HM644332 



Function Description 

Tag Read 

The TAG input data (TDq-TD. J and the contents of 
the addressed locatio n are compared. If they are the 
same, a hit is assumed . HIT goes low and the HCn and 
HITn outputs indicate the hit way associatively. If 
there is no hit, the LRU logic of the tag RAM automati- 
cally specifies which way is to be replaced. 

The replacement information is presented at the RCn 
and REPn outputs by forcing the H/R input low. 
These signals will be latched and used for writing 
data into data memory. 

Tag Write 

If there is no hit, the tag RAM must be updated. A 
write operation isj)crformed by setting "WRITE low 
and inputting a SET pulse. The tag data will be 
written into the appropriate way by the internal LRU 
logic. 

The way can be also specified externally by using 
SBLK, SB^ and SB^ inputs. In tag write mode, the V 

bits (validity bits) and the parity bit are set, and the 
LRU is updated. 



All Purge 



By asserting the PURGE input low, all the V bits are 
reset and LRU is initialized. 

In this operation, the contents of each tag and its 
parity will not be identified. 

Partial Purge 

A pa rtial purge operation is p erformed by setting 
INVL low and inputting a SET pulse. 

The V bit specified by the address input is reset and 
the LRU is shifted so that the partially-purged way 
becomes the least recently used way. 
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Package Dimensions 



Unit: mm (inches) 



64-Pin Ceramic PGA 




127(050)TYPDIA 



18 24(718)SQ 



TYP 



(1032:0]8 



SQ- 



"Ifi^-i. 



2 54 ±0 25 
(100 ±010) 



26 20!§3l 
(1032:g]«) 



5 33(210) 



MAX 



:t 



22 86 ( 900) 
REF 



:i 



*=^ 



1 

®o ooooooo© 

oo oooooooo 

o o o o 

o o o o 

o o o o 

o o o o 

o o o o 

o o o o 

oo oooooooo 

®o ooooooo© 



046!°jr 



m'_^,)m 



+0 25, 050 + 010 ^ 
■127_o38 I "=^"-015^ 



3 40_o36 ^ '^^-014^ 
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Section 3 
MOS Pseudo Static RAM 
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32768-word X 8-bit High Speed Pseudo Static RAM 

■ FEATURES 

• Single 5 V (±10%) 

• High Speed 
Access Time 

CE Access Time 100/1 20/ 150/200ns 

Address Access Time 50/60/7 5/ 100ns 

(in Static Column Mode) 

Cycle Time 

Random Read/Write Cycle Time .... 160/1 90/235/3 10ns 

Static Column Mode Cycle Time 55/65/80/1 05ns 

• Low Power 
175mW typ. Active. 

• All Inputs and outputs TTL compatible 

• Static Column Mode Capability 

• Non Multiplexed Address 

• 256 Refresh Cycles (4ms) 

• Refresh Functions 
Address Refresh 
Automatic Refresh 
Self Refresh 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM65256BP.10 


lOOns 




HM65256BM2 


120ns 




HM65256BP-15 


150ns 




HM65256BP.20 


200ns 


600 mil 28 pin 


HM65256BLP.10 


100ns 


Plastic DIP 


HM65256BLP-12 


120ns 




HM65256BLP.15 


150ns 




HM65256BLP-20 


200ns 




HM65256BSP-10 


100ns 




HM65256BSP-12 


120ns 




HM65256BSP.15 


150ns 




HM65256BSP-20 


200ns 


300 mil 28 pin 


HM65256BLSP-10 


100ns 


Plastic DIP 


HM65256BLSP.12 


120ns 




HM65256BLSP.15 


150ns 




HM65256BLSP-20 


200ns 




HM65256BFP-10T 


100ns 




HM65256BFP-12T 


120ns 




HM65256BFP-15T 


150ns 




HM65256BFP-20T 


200ns 


28 pin 


HM65256BLFP-10T 


100ns 


Plastic SOP 


HM65256BLFP-12T 


120ns 




HM65256BLFP-15T 


150ns 




HM65256BLFP-20T 


200ns 





HM65256BP Series 




(DP-28) 



HM65256BSP Series 




(DP.28N) 



HM65256BFP Series 




(FP-28DA) 



PIN ARRANGEMENT 



A..[T 
An [7 

A, [7 

A* Q] 

A- (7 

AjjT 
A?[T 

.E 

Ao (lo 
I Oo[lT 

i/oi (T7 
vss [77 



]3 ^'" 

ID WE 

24] At 
27] All 

IDA,. 

joJcE 

3 ' ^' 

16] I/O. 
75] I/Oj 




(Top View) 
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HM65256B Series - 



BLOCK DIAGRAM 



.<^-(^ 



I/0,O--p[> 



Address 
Latch 



6e< 



Mrmi>ry Mat 
(2S«>x 128') 



Refresh 
Com rol 



Colunm Decodei 



Timing Pulse Gen 
1*1 Rekd Write Control 

HD 



l^^_m 



-^ 



■ TRUTH TABLE 



CE 


OE 


WE 


I/O Pm 


mode 


L 


L 


H 


LowZ 


Read 


L 


X 


L 


HighZ 


Write 


L 


H 


H 


HighZ 


- 


H 


L 


X 


HighZ 


Refresh 


H 


H 


X 


HighZ 


Standby 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with Respect to Vgg 


Vr 


-1.0 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


'opr 


to +70 


*'C 


Storage Temperature 


^stg 


-55 to +125 


''C 


Storage Temperature Under Bias 


Thia$ 


-10 to +85 


^c 



■ RECOMMENDED DC OPERATING CONDITIONS {Ta = to +70°C) 



Item 


Symbol 


min. 


typ. 


max. 


unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


VlH 


2.2 


- 


6.0 


V 


ViL 


-0.5*1 


- 


0.8 


V 



Note) * 1 . VjL min = -3.0V for pulse width g 10ns. 
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-HM65256B Series 



PC ELECTRICAL CHARACTERISTICS (Tg = to -HTO^C, Vgc = 5V ±10%) 





Symbol 


Test Conditions 


HM65256B Series 


HM65256BL Series 






min. 


typ. 


max. 


min. 


typ. 


max. 


Unit 


Operating Power 
Supply Current 


icci 


Ij/O = 0mA 


- 


35 


65 


- 


35 


65 


mA 


Standby Power 


JSBl 


CE=Vj„,OE=VjH 


- 


1 


2 


- 


1 


2 


mA 


Supply Current 


ISB2 


CE > Kcc-0.2V, 0E> Kc.c-0.2V 


- 


- 


- 


_ 


0.05 


0.1 


mA 


Operating Power Supply 


JCC2 


CE=Vj„,6E=Vjj^ 


- 


1 


2 


- 


0.6 


1 


mA 


Current in Self Refresh Mode 


JCC3 


CE> KCC-0.2V, 6E <0.2V 


- 


- 


- 


- 


50 


100 


mA 


Input Leakage 
Current 


Ili 


Fee = 5.5 V 

Vin = Vss to Vcc 


-10 


- 


10 


-10 


- 


10 


mA 


Output Leakage 
Current 


Ilo 


6e=Vj„ 

Vno= Vss to Vcc 


-10 


- 


10 


-10 


- 


10 


AiA 


Output Voltage 


Vol 


Jql = 2.1 mA 




- 


0.4 


- 


- 


0.4 


V 


VOH 


fOH= -1 mA 


2.4 


- 


- 


2.4 


- 


- 


V 


CAPACITANCE 





















Item 


Symbol 


Test Conditions 


typ. 


max. 


Unit 


Input Capacitance 


Cin 


Vin = OV 


- 


5 


PF 


Input/Output Capacitance 


^ilo 


K;/^=OV 


- 


7 


PF 




Note) This Parameter is sampled and not 1007o tested. 



AC CHARACTERISTICS (Ta = to +70°C, Vcc = 5V ±10%) 
AC Test Conditions 

Input Pulse Levels 2.4V, 0.4V 

Input Rise and Fall Times 5ns 

Timing Measurement Level 2.2V, 0.8V 

Reference Level V^^ = 2.0V, Vql = 0.8V 

Output Load 1 TTLand lOOpF (Including scope and jig) 



Item 


Symbol 


HM65256B-10 


HM65256B-12 | 


HM65256B-15 ] 


HM65256B-20 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 


Random Read or Write Cycle Time 


tRC 


160 


- 


190 


- 


235 


- 


310 


- 


n$ 


Static Column Mode Read or Write 
Cycle 


tRSC 


55 


- 


65 


- 


80 


- 


105 


- 


ns 


Chip Enable Access Time 


tCEA 


- 


100 


- 


120 


- 


150 


- 


200 


ns 


Address Access Time 


tAA 


- 


50 


- 


60 


- 


75 


- 


100 


ns 


Output Enable Access Time 


tOEA 


- 


40 


- 


50 


- 


60 


- 


75 


ns 


Chip Disable to Output in High Z 


tCHZ 


- 


25 


- 


25 


- 


30 


- 


35 


ns 


Chip Enable to Output in Low Z 


tCLZ 


30 


- 


30 


- 


35 


- 


40 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


Output Disable to Output in High Z 


tOHZ 


- 


25 


- 


25 




30 


- 


35 


ns 


Chip Enable Pulse Width 


tCE 


lOOn 


4m 


120n 


4m 


150n 


4m 


200n 


4m 


s 


Chip Enable Precharge Time 


tp 


50 


- 


60 


- 


75 


- 


100 


- 


ns 


Address Set-up Time 


Us 





- 





- 





- 





- 


ns 


Row Address Hold Time 


tRAH 


20 


- 


20 


- 


25 


- 


30 


- 


ns 


Column Address Hold Time 


tCAH 


100 


- 


120 


- 


150 


- 


200 


- 


ns 


Read Command Set-up Time 


tRCS 





- 





- 





- 





- 


ns 


Read Command Hold Time 


tRCH 





- 





- 





- 





- 


ns 


Output Enable Hold Time 


tOHC 





- 





- 





- 





- 


ns 


Output Enable to Chip Enable Delay 
Time 


tOCD 





- 





- 





- 





- 


ns 


Output Hold Time from Column 
Address 


fOH 


5 


- 


5 


- 


5 


- 


10 


- 


ns 


Write Command Pulse Width 


tWP 


25 


- 


25 


- 


30 


- 


35 


- 


ns 


Chip Enable to End of Write 


few 


100 


- 


120 


- 


150 


- 


200 


- 


ns 


Column Address Set-up Time 


Usw 





- 





- 





- 





- 


ns 



(to be continued) 
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Item 


Symbol 


HM65256B-10 


HM65256B-12 


HM65256B-15 


HM65256B-20 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 


Column Address Hold Time after Write 


tAHW 





- 





- 





- 





- 


ns 


Data Valid to End of Write 


tow 


20 


_ 


20 


- 


25 


_ 


30 


- 


ns 


Data In Hold Time for Write 


tDH 





- 





- 





- 





- 


ns 


Output Active from End of Write 


tow 


5 




5 


- 


5 


- 


5 


- 


ns 


Write to Output in High Z 


tWHZ 


- 


25 


- 


25 


- 


30 


- 


35 


ns 


Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


Refresh Command Delay Time 


tRFD 


50 


- 


60 


- 


75 


- 


100 


- 


ns 


Refresh Precharge Time 


tpp 


30 


- 


30 


- 


30 




30 


- 


ns 


Refresh Command Pulse Width for 
Automatic Refresh 


tPAP 


80 


10000 


80 


10000 


80 


10000 


80 


10000 


ns 


Automatic Refresh Cycle Time 


tpc 


160 


- 


190 


- 


235 


- 


310 


_ 


ns 


Refresh Command Pulse Width for Self 
Refresh 


fPAS 


10000 


- 


10000 


- 


10000 


- 


10000 


- 


ns 


Refresh Reset Time for Self Refresh 


tPRS 


160 




190 


- 


235 


- 


310 


- 


ns 


Refresh Period 


tREP 


- 


4 


- 


4 


- 


4 


- 


4 


ms 



Notes: 

(1) ^CHZ^ tQifz a^d t^^^HZ ^'"^ defined as the time at which the output achieves the open circuit conditions. 

(2) tcLZ^ toLZ ^"^ ^OW ^^^ sampled under the condition of r7'=5ns, and not 100% tested 

(3) A write occurs during the overlap of a low CE and low WE. 

(4) If CE goes low simuhaneously with WE going low or after WE going low, the outputs remam in high impedance state 

(5) If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers 
prior to applymg data to the device and data mputs must be floating prior to OE or WE turning on output buffers 

(6) Vji^ (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are meas- 
ured between K^ and Vj^. 

(7) An initial pause of 1 00ms is required after power-up followed by a minimum of 8 initialization cycles. 



■ TIMING WAVEFORMS 

• Read Cycle No. 1 (Cl controlled) 



CE- 



N. 



tAH 



Add 

Ao 



ir3s>^; 



tAS 



Address 

A8~An 



3ffi>; 



WE 



TZZZ?' 



OE 



/ \ 



\ (m^scmmMmmmmy)(YW 



tCAH 



iKa xxxxx x x x 



tCL/ 



Dout- 



tHCH 



^^SS 



loHj 



00000 ^ . pHlaout ,) 0(XXX ^ 



tCH/. 
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-HM65256B Series 



• Read Cycle No. 2 (OE controlled) 



CE- 



\. 



;ir3m 



Add 
A 



/4h 



Addres 

A8-A 



:3M 



WE 



tRCS 

Tzzr 



OE 



r K 



) mm)cmmmm)Cm7mmK 



Uah 



t( hA 



torn 



i 



Dout- 



^xffiX)*: 



Valid 
Data Out 



;<se: 



^sxs 




/mmnzzzzzzn 



'^^t 



• Write Cycle No. 1 (OE Clock) 



CE- 



Addres; 

Ao-A 



Address 
Ah-A 






^. 



.^^V 



^ xxxxxxxxxxxxxxxxxxxxxxxxxx !?^?^^ 



A. 



7 



^-inzzmzzzm 



<zx: 



swwvvn : 



Dout- 






xx^ 



:^ffi 
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HM65256B Series - 



• Write Cycle No. 2 (OE low fix) 



^^. 



Addi 

Ao 



Address VAAAj^ 

A6-A.4 AAA/ r 



•\\^ 



OE- 



.^^K_ 



:moooooooc>ooooc<)c>cww:gm 



xwwwwwww : 



^ 



^~ lMyxxxxxyy>^ 



:i(Xs: 



:^^^ 



m 



• Static Column Mode Read Cycle 



CE 



^. 



Address 
Ao~A7 



Address 
A8~A14 



(AS 



-TZZff 



OE 



yiaaoooooooKiooimxmi i icgro^ 



tAA 



\ 



:<X)Ooow< 



A/WSi ' Valid " V^\ ""V^ ■ V'^'TIhd 'l/VS 
AAAA/ 1 DaU Out ^ A A Data Out / \A/j |Dat« 0"^., \Aj r/ 



V 



^\\\\ \ 



muniniL 
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HM65256B Series 



• Static Column Mode Write Cycle 



CE 



\. 



Address 
Ao~A7 



Address 
A8~A14 



^: 



ffi)^: 



^- imTU L' 



j^~^ 



ym/ymmmoooowmi'sm 



^ WWN^ ^X^ZIZIgZZ/^ 



X 



N^ wwws g: 



tOHZ " 

tcu r* n 



13 



>' I I flip —■ * p 
Is, 7 Z^^/ 



:ks: 



("^ 




mmm 



• Automatic Refresh Cycle 



CE- 



y. 



tFP 



tFAP 



^ inuiun \. I \ . ///////// 



tFP 



tFC 



\ 



tFAP 



• Self Refresh Cycle 



CE- 



A 



tRFD 



^ iinnnin n, 



tFP 



JFAS 



tFRS 



\ 
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131072-word x 8-bit High Speed CMOS Pseudo Static RAM 



The Hitachi HM658128 is a pseudo-static RAM organized as 
131,072-word x 8-bit. HM658128 realizes low power consump- 
tion and high speed access time by employing LSjum CMOS 
process technology. 

The HM658128 supports 3 refresh functions: Address Refresh, 
Auto Refresh and Self Refresh. Low power version dissipates 
only 0.5mW (typ.) in Self Refresh Mode and retains the data with 
battery backup for short time. Self Refresh Mode is guaranteed 
only for L-version. 

The HM658128 is pin-compatible with 256k-bit PSRAM and 
static RAM. 



■ FEATURES 

• Single 5V (±10%) 

• High Speed 
o Access Time 

CE Access Time . 
o Cycle Time 

Random Read/Write Cycle Time . . . 

• Low Power . . . 200m W typ. (Active) 

0.5mW (standby) 

• All inputs and outputs TTL compatible 

• Non Multiplexed Address 

• 512 Refresh Cycles (8ms) 

• Refresh Functions 

Address Refresh 

Automatic Refresh 

Self Refresh (Only for L-version) 



100/1 20/1 50ns 



180/210/250ns 



■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM658128DP-10 
HM658128DP-12 
HM658128DP-15 


100ns 
120ns 
150ns 


600 mil 32 pin 


HM658128LP-10 
HM658128LP-12 
HM658128LP-15 


100ns 
120ns 
150ns 


Plastic DIP 


HM658128DFP-10 
HM658128DFP-12 
HM658128DFP-15 


100ns 
120ns 
150ns 


32 pin Plastic 


HM658128LFP-10 
HM658128LFP-12 
HM658128LFP-15 


100ns 
120ns 
150ns 


SOP 



HITACHI 



HM658128P Series 




(DP-32) 



HM658128FP Series 




(FP-32D) 



PIN ARRANGEMENT 


RFSH|_1_ 


"^ 


32] Vi, 


A,.. [I 




IIJAr, 


A..[I 




30]CS 


A.[T 




29] Wk 


A7 [I 




H Ai> 


Ah [? 




27] Ah 


A. [7 




26] A-. 


Ai [7 




25] All 


At [9 




24] OE 


Ai (To 




23] Ah. 


Ai \u 




^CE 


Ao (Ti 




2}\ 10- 


1 Oo(l3 




20]l 0. 


I 0^\U 




]9] 1 0- 


I o.[i| 




Ti] I 


v.s [T| 




Tt] 1 



(Top View) 

PIN DESCRIPTION 



Symbol 


Pin Name 


AO - A16 


Address Inputs 


I/O - 1/07 


Data Input/Output 






RFSH 


Refresh 


CE 


Chip Enable 


OE 


Output Enable 


WE 


Write Enable 


CS 


Chip Select 


Vcc 


Power Supply 


Vss 


Ground 



376 



Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



-HM6581 28 Series 



BLOCK DIAGRAM 



— te 






MLMOR't MATRIX 
(512x256)x8 



Address Latch Control 



^ 



Timing Pulse Genera 



Read V\ rite Control 



t 
^ 




■ TRUTH TABLE 



CE 


CS at CE going Low 


RFSH 


OE 


WE 


I/O Pin 


Mode 


L 


H 


X 


L 


H 


LowZ 


Read 


L 


H 


X 


X 


L 


HighZ 


Write 


L 


H 


X 


H 


H 


HighZ 


- 


L 


L 


X 


X 


X 


HighZ 


CS Standby 


H 


X 


L 


X 


X 


HighZ 


Refresh* » 


H 


X 


H 


X 


X 


HighZ 


Standby 



Note) * 1. Self refresh is guaranteed only for L-version. 
■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with Respect to Vgs 


Vt 


-1.0 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature 


'opr 


to +70 


°c 


Storage Temperature 


Tst, 


-55 to +125 


°c 


Storage Temperature Under Bias 


Tbias 


-10 to +85 


°c 



RECOMMENDED DC OPERATING CONDITIONS (T^ = to +70°C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


yss 











V 


Input Voltage 


VlH 


2.2 


- 


6.0 


V 


ViL 


-0.5*^ 


- 


0.8 


V 



Note) * 1. VjL min = -3.0V for pulse width ^ 10ns. 
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DC CHARACTERISTICS (Ta = to +70°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Operating Power 
Supply Current 


hci 


Il/O = 


- 


40 


75 


mA 


Standby Power 
Supply Current 


JsBi 


RFSH = VjM 


- 


1 


2 


mA 


Standby Power 
Supply Current 


hB2 


CE> Vcc -0 2y 
RFSH > Vcc -0-2V 


- 


100 


200 


mA 


Operating Power 


Jcc2 


CE=KjH 
RFSH = VjL 


- 


1 


2 


mA 


Supply Current in Self Refresh Mode** 


^CC3 


CE^ Fee -0.2V 
RFSH :^ 0.2V 


- 


100 


200 


mA 


Input Leakage Current 


Ili 


Kcc = 5.5 V 
ytn-VsstoVcc 


-10 


- 


10 


mA 


Output Leakage Current 


Ilo 


0E= VjH 

Vl/O = VSS to Vcc 


-10 


- 


10 


mA 


Output Voltage 


Vol 


/0L= 2.1mA 




- 


0.4 


V 


VoH 


^0//= -1mA 


2.4 


- 


- 


V 



Note) *1. This characteristics is guaranteed only for L-\ 
■ CAPACITANCE (T^ = 25°C,/= IMHz) 



Item 


Symbol 


Test Condition 


typ. 


max. 


Unit 


Input Capacitance 


Cin 


Vin=OW 


- 


8 


PF 


Input/Output Capacitance 


^I/O 


Vj/o-OY 


- 


10 


PF 



Note) This Parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Ta = to +70''C, Vcc = 5V ± 10%) 
• AC Test Conditions 

Input Pulse Levels 2.4V, 0.4V 

Input Rise and Fall Times 5ns 

Timing Measurement Level 2.2V, 0.8V 

Reference Level Vqh = 2.0V, Vql = 0-8V 

Output Load 1 TTL and lOOpF (including scope and jig) 



^^8'^S-8 


Symbol 


HM65 8 128-10 


HM658128-12 


HM658128-15 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


Random Read or Write Cycle Time 


tRC 


180 


- 


210 


- 


250 


- 


ns 


Random Read Modify Write Cycle Time 


^RWC 


240 


- 


280 


- 


330 


- 


ns 


Chip Enable Access Time 


tCEA 


- 


100 


- 


120 


- 


150 


ns 


Output Enable Access Time 


tOEA 


- 


30 


- 


40 


- 


50 


ns 


Chip Disable to Output in High Z 


tCHZ 


- 


30 


- 


35 


- 


40 


ns 


Chip Enable to Output in Low Z 


tCLZ 


30 


- 


35 


- 


40 


- 


ns 


Output Disable to Output in HighZ 


^OHZ 


- 


25 


- 


30 


_ 


35 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Enable Pulse Width 


fCE 


lOOn 


iM 


120n 


Iju 


150n 


iM 


s 


f^ Chip Enable Pre charge Time A^ 


tp 


-T^^ 


\ _ 


^C^ 


- 


JO^ 


- 


ns 


Address Set-up Time 


tAS 





- 





- 





- 


ns 


Address Hold Time 


tAH 


30 


- 


35 


- 


40 


- 


ns 


Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 


Read Command Hold Time 


fRCH 





- 





- 





- 


ns 


RFSH Hold Time 


fRHC 


15 


- 


15 


- 


15 


- 


ns 


Refresh Command Delay Time (Standby Mode) 


tRCD 


- 


5 


- 


5 


- 


5 


ns 



(to be continued) 
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^^'ZU 


Symbol 


HM658128.10 


HM658128-12 


HM658128-15 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


Chip Select Set-up Time 


^CSS 





- 





- 





- 


ns 


Chip Select Hold Time 


^CSH 


30 


- 


35 


- 


40 


- 


ns 


Write Command Pulse Width 5o 


^WP 


30 


- 


35 


- 


40 


- 


ns 


Chip Enable to End of Write 


^CW 


100 


- 


120 


- 


150 


- 


ns 


Data In to End of Write 


^DW 


25 


- 


30 


- 


35 


- 


ns 


Data In Hold Time for Write 


tDH 





- 





- 





- 


ns 


Output Active from End of Write 


^OW 


5 


- 


5 


- 


5 


- 


ns 


Write to Output in High Z 


^WHZ 


- 


25 


- 


30 


- 


35 


ns 


Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


Refresh Command Delay Time 


^RFD 


70 


- 


80 




90 


- 


ns 


Refresh Precharge Time "h^ 


tpp 


5C4er 


- 


^<;A(f 


_ 


3c>er 


- 


ns 


Refresh Command Pulse Width for Automatic 
Refresh 


^FAP 


80n 


8m 


80n 


8iu 


80n 


8m 


s 


Automatic Refresh Cycle Time 


tpc 


180 


- 


210 


- 


250 


" 


ns 


Refresh Command Pulse Width for Self Refresh 


tFAS*' 


8 


- 


8 


- 


8 




MS 


Refresh Reset Time for Self Refresh 


tRFS*' 


180 


- 


210 


- 


250 


- 


ns 


Refresh Reset Time tor Automatic Refresh 


^RFA 





- 





- 





- 


ns 


Refresh Period (5 12 cycles) 


^REF 


- 


8 


- 


8 


- 


8 


ns 




Notes: 

(1) ^CHZ^ ^OHZ ^^^ ^WHZ ^re defined as the time at which 
the output achieves the open circuit conditions under 
the condition of fj' = 5 ns and not 100% tested. 

(2)tCHZ, tCLZ, toHZ, tQLZ, WHZ and tQW are sampled 
under the condition of fj' = 5ns and not 100% tested. 

(3) A v^rite occurs during the overlap of a low CE and a 
low WE. Write end is defined at the earlier of WE going 
highor CE going high. 

(4) If CE goe s low simultaneously with WE going low or 
after WE going low, the outputs remain in high im- 
pedance state. 

(5) If input signals of opposite phase to the outputs are 



applied in write cycle, OE or WE must disable output 
buffers prior to applying data to the device and data 
inputs must be floating prior to OE or WE turning on 
output buffers. 

(6) Vju (min) and Kf^ (max) are reference levels for 
measuring timing ot mput signals. Also, transition times 
are measured between Vifj and K/jp. 

(7) An initial pause of 100ms is required after power -up 
followed by a minimum of 8 initialization cycles. 

(8) After Self Refresh, Auto Refresh should be started with- 
in 15ms. (only for L-version) 

(9) This characteristics is guaranteed only for L-version. 



TIMING WAVEFORMS 
Read Cycle 



^. 



Address 
Ao-Aie 



2ZZ? 
SEX>f 



YZZ?' 



^V^XV^ ^ 



g( x xx xx xxxxx xx xxx xxx xx x x)^xmm: 



r \ 



^Si 



'^XXSS 



■(ffi>^: 



mmuniL 



:2Z 



'^SSS 






Valid 
Data Out 



:s^ 
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• Write Cycle-1 (51 Clock) 



CE 



Address 
Ao-^Ai6 



OE 



^: 






^ wwwwwwwwwwww ^ss 



^mmymmmymym mm 



mmnnD' 



3^^=^^^ 



\IIZ^' 



^^ 



WnVn : 



M 



1^ 



s: 



Valid 
Data In 



^SSXXS 



z 



>AVn\ 



u 



i)mo()c^{\ 



Write Cycle-2 (OE Low Fix) 



RFSTT 



^: 



-mr 



xs>: 



7- 



\ \\\\\\\\\\\\\\\\\\\\\\\ 



)(XX XXX XXXXXXXX X XX XXXXXXX )^mM 



"^. 



-^X^ AWWWW- 



1L 



www 



.^^ 



;^ 



^<t3^ 
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-HM6581 28 Series 



• Read Modify Write Cycle 



\ 



Address 
Ao-A,6 






W-. uj' 



W 



: ^x><y>(>^:><y><y>^ 



n: 



0- "nWV; ^ /777 //////// 



■®< 



^\Y \\\\\\\\^ 



Automatic Refresh Cycle 



J. 



nimni/i K \ 



\ 



%. 



V 



z n/////// 







\ 









5k: 



• Self Refresh Cycle 



CE 



J. 



niimiiiif —^K 



RFSH 

Note) Self refresh is guaranteed only for L-version. 

CS Standby Mode 



^. 



SS^. 



\ 



I KXS 



K3^ 



' J/////////////////////////////77T^ 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Plwy. • Brisbane, CA 94005-1819 • (415) 589-8300 381 



HM6581 28 Series - 



SUPPLY CURRENT VS. SUPPLY VOLTAGE (l ) 

1.3 

^ 1.2 

i 
fe 1.1 



09 
0.8 



4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 









Ta=25"C 








^ 








^ 


^ 

























SUPPLY CURRENT VS. AMBIENT TEMPERATURE (1 ) 



^ 1.2 



E 
I 1 



1.0 









Vcc = 5 0V 










--__ 














^ 



















20 40 60 80 

Ambient Temperature Ta (°C) 



SUPPLY CURRENT VS. SUPPLY V0LTAGE(2) 



SUPPLY CURRENT VS. AMBIENT TEMPERATURE (2) 



1 6 



1.0 
0.8 
0.6 
0.4 









Ta = 25X: 








^ 








y 


^ 


^ 























1.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



1.2 



1.0 
09 



0.7 










Vcc=5.0V 












\. 










^ 










\ 











20 40 60 80 

Ambient Temperature Ta (°C) 



SUPPLY CURRENT VS. SUPPLY V0LTAGE(3) 



1.6 



0.6 
0.4 

382 









Ta=25r 








^ 








^ 


^ 


^^ 






"^ 

















4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



5.50 



SUPPLY CURRENT VS. AMBIENT TEMPERATURE (3) 









Vcc=5.0V 




















^\ 


^ 










^ 











20 40 60 80 

Ambient Temperature Ta ("O 
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HM6581 28 Series 



ACCESS TIME VS. SUPPLY VOLTAGE 



ACCESS TIME VS. AMBIENT TEMPERATURE 



^ 1 

g 

1}, 0.9 









Ta = 25t: 










~~~--- 














^-^ 



















^ 1.2 



J 1.0 

6 

K. 0.9 









Vcc=5.0V 






^ 


^ 



































4.50' 



1.75 5.00 5.25 5.50 

Supply Voltage Vtc (V) 



20 40 60 

Ambient Temperature Ta {°C) 




STANDBY CURRENT VS. SUPPLY VOLTAGE(i) 



1.6 



I 1.4 

6 

I 1.2 









Ta=25X: 








y^ 






y^ 






y^ 






y^ 

















4.5 



1.75 5 5.25 5.5 

Supply Voltage Vcc (V) 



STANDBY CURRENT VS. AMBIENT TEMPERATURE (l) 



I 1-4 

I '•' 

^ 1.0 

I 

^ 0.8 

XI 

c 

^ 0.6 

0.4 









Vcc = 5.0V 






















"^^ 





















20 40 60 80 

Ambient Temperature Ta (°C) 



STANDBY CURRENT VS. SUPPLY V0LTAGE(2) 



1.6 









Ta=25t 








^ 

^^^ 










^ 


^ 























4.5 



4.75 5.0 5.25 

Supply Voltage Vcc (V) 



STANDBY CURRENT VS. AMBIENT TEMPERATURE (2) 



1.6 









Vcc = 5.0V 
























. 



















20 40 60 80 

Ambient Temperature Ta CO 
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LOW LEVEL INPUT VOLTAGE VS. SUPPLY VOLTAGE 



HIGH LEVEL INPUT VOLTAGE VS. SUPPLY VOLTAGE 



1.3- 



0.9 



0.8 



0.7 









Ta=25lC 
















. -- 


- — 


' 























4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



I 1-3 

i 

I 1.2 

I 1.1 

So 

I 1.0 

> 

"3 
> 

■a 0.8 

0.7 









Ta=25lC 
















^^ 


^^ 

























4.50 



4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



HIGH LEVEL OUTPUT CURRENT VS. OUTPUT VOLTAGE 



LOW LEVEL OUTPUT CURRENT VS. OUTPUT VOLTAGE 



1.6 

6 
2 1.2 



1.0 



o 



% 0.8 

o 

^ 0.6 
0.4 













\ 








\ 








\ 




Ta=25r 
Vcc=5.0V 




\ 















1 



2 3 4 5 

High Level Output Voltage Voh (V) 



.S 1.4 



5 1.2 



t 0-8 

o 

13 

^ 0.6 
0.4 





























/ 




Ta=25r 
Vcc=5.0V 




/ 








^ 







0.2 0.4 0.6 0.8 

Low Level Output Voltage Voi (V) 
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-HM6581 28 Series 



ACCESS TIME VS. LOAD CAPACITANCE 



I 

I 1.0- 

< 0.8- 
0.6 L 



'100 200 300 400 

Lead Capacitance CiipF) 



500 
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HM63021 Series 



2048-word x 8-bit Line Memory 



HM63021 is a 2048-word x 8-bit static Serial Access Memory 
(SAM) with separate data inputs and outputs. Since it has an 
internal address counter, no external address signal is required 
and internal addresses are scanned serially. Using five different 
address scan modes, it is applicable to FIFO memories, double- 
speed conversions, 1H delay lines and 1H/2H delay lines for 
digital TV signals. Its minimum cycle times are 28 ns and 34 ns 
each corresponding to 8 fsc of PAL TV signals and NTSC TV 
signals. All inputs and outputs are TTL-compartiable. This device 
is packaged in a 300-mil dual-in-line plastic package. 

Features 

• Five modes for various applications 

• Corresponds to Digital TV system with 4 fsc sampling 

(PAL, NTSC) 

• Decoder signal output pin; Fewer external circuits 

• Asynchronous Read/Write operation; 

Separate address counters for Read/Write 
No Address Input required 

• High Speed; Cycle Time 28/34/45 ns (min) 

• Completely Static Memory; No refresh required 

• 8-bit SAM with separate I/O 

• Low Power; 250 mW typ. Active 

• Single 5 V supply 

• TTL compatible 




Ordering Information 



Type No. 



Cycle 
Time 



Package 



HM63021P-28 28 ns ^^^ ., ^^ . 
HM63021P-34 34 ns 300-mil_2_8-pin 



HM63021P-45 45 ns 



Plastic DIP 



Pin Arrangement 



D 


1H/2H 


TBC 


DSC 


TBCE 


Modes 


TBCE 


DSC 


TBC 


1H/2H 


" 1 


MODEl 






28 


Vcc 


rr 


v-/ 




CLK 


RCLK 


[~3 


Control 


"27 


M0DE2 










. 








RES 


RRES 






26 


M0DE3 RDEC 


DEC2 






DinO 
Dinl 








25 


ci 1 




"24 


DoutO 








Din2 


6 






23 


Doutl 








Din3 


7 


1 




22 


Dout2 








D.n4 


fs 




1 


ll 


Dout3 








Din5 


9 




s 


20 


Dout4 








Din6 


10 






19 


DoutS 








Dm? 


11 






ii 

"l7 


Doute 
Dout? 






WE 


[l2 
[13 




DECl 


1 WDEC 1 HighZ 




\ 


Vr.to 


le" 


WRES 


DS 


DECS 


Vss 


Hi 




Control 


Ts" 


WCLK 


WT 


DEC4 































(Top View) 
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-HM63021 Series 



Pin Description 



Pin No. 


Pin Name 


Functions 




1 


MODEl 


Mode Input 1 (AU Modes) 








Read Qock Input (TBCE, DSC, TBC) 
Qock Input (1H/2H,D) 




2 


RCLK/CLK 








Read Reset Input (TBCE, DSC, TBC) 
Reset Input (1H/2H,D) 




3 


RRES/RES 




4-11 


Din - Din 7 


Data Inputs (All Modes) 




12 


WE 


Write Enable Input (AU Modes) 








High Impedance (TBCE, DSQ 
Write Decode Pulse Output (TBC) 
Decode Pulse Output 1 (1H/2H, D) 




13 


High Z/WDEC/DECl 




14 


Vss 


Ground (All Modes) 








Write Qock Input (TBCE, DSC, TBC) 
Write Timing Input (1H/2H) 
Decode Pulse Output 4 (D) 




15 


WCLK/WT/DEC4 








Write Reset Input (TBCE, DSC, TBQ 
Delay Select Input (1H/2H) 
Decode Pulse Output 3 (D) 




16 


WRES/DS/DEC3 




17-24 


Dout - Dout 7 


Data Outputs (All Modes) 




25 


OE 


Output Enable Input (All Modes) 








Mode Input 3 (TBCE) 

Read Decode Pulse Output (TBC) 

Decode Pulse Output 2 (1H/2H, D) 




26 


MODE3/RDEC/DEC2 




27 


MODE2 


Mode Input 2 (AU Modes) 




28 


Vcc 


Power Supply (+5V) (AU Modes) 




Mode Table 




Mode Signals 


Mode 




MODEl 


M0DE2 M0DE3 


Application Example 


H 


H H 


Time base compression/expansion (TBCE) 


Picture in Picture 


H 


H L 


Double speed conversion (DSC) 


Non interlace 


H 


L -*1 


Time base correction (TBC) 


Time Base Corrector 


L 


H 


1H/2H delay (1H/2H) 


Vertical fdter 


L 


L -*l 


Delay line (D) 


Delay line 




Note) *1. Decoder Output Signal (RDEC, DEC2) 



Absolute Maximum Ratings 



Parameter 


Symbol 


Rating 


Unit 


Voltage on Any Pin relative to Vgg 


Vt 


-0.5*Mo+7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°c 


Storage Temperature 


Tstg 


-55 to +125 


°c 


Storage Temperature under bias 


Tbias 


-10 to +85 


°c 



Note) ♦!. -3.5V for pulse width ^ 10 ns 
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HM63021 Series 
Block Diagram 




Address 
Decoder 


(900,1810) 


(909.1819) 


(1134) 


(1125) 





RDEC 

dec! 

DEC2 
DEC3 
DEC4 



DoutO Dout7 



Recommended DC Operal 


ting Conditions (Ja = to +70°C) 


Parameter 


Symbol 


min 


typ 


max Unit 




Vcc 


4.5 


5.0 


5.5 V 




Vss 








V 




ViH 


2.4 


- 


6.0 V 




ViL 


-0.5-1 


- 


0.8 V 



Note) *1. -3.0V for pulse width < 10 ns. 
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-HM63021 Series 



DC and Operating Characteristics (Ta= to +70°C, 


Vcc = 5V±10% 


,Vss 


= 0V) 


Parameter 


Symbol 


min 


typ*^ max 


Unit 


Test Condition 


Input Leakage Current 


UliI 


- 


10 


mA 


Vcc=5.5V 

Vin = Vss to Vcc 


Output Leakage Current 


HloI 


- 


10 


mA 


OE=ViH 

Vout = Vss to Vcc 


Operating Power Supply Current 


Ice 


- 


50 90 


mA 


Min. cycle, lout = mA 



Vol 



0.4 



Iql = 8 mA*2, Dout to Dout 7, 
DEC Output pin 



Output Voltage 



VOH 



2.4 



IqH = -4 mA, Dout to Dout 7 
pin 



2.4 



Iqh = -1 mA, DEC Output pin 



Notes) *1, Typical values are at VcC = 5V, Ta = 25 C and for reference only. 
*2. lOL = 6mA for 45ns version. 



Capacitance (Ta = 25°C,/= 1 .0 MHz) 












Parameter Symbol 


min 


typ 


max 


Unit 


Conditions 


Input Capacitance Cin 


- 


- 


6 


pF 


Vin = OV 


Output Capacitance '2 Cout 


- 


- 


9 


pF 


Vout = OV 



Notes) *1 . This parameter is sampled and not 1 00% tested. 
*2. 13, IS -24, 26 pin 

AC Characteristics (Vcc= 5V ± 10%, Ta = to +70°C, unless otherwise noted.) 
• AC Test Conditions 

Input and Output timing reference levels: 1.5V 

Input pulse levels: Vss to 3V 

Input rise and fall times: 5 ns 



HM63021-28/34 



DEC Output Load 
P+5V 

> 510Q 



IIiaOpF*! 



777 



HM6302145 



DEC Output Load 



DEC O- 



T77 



Dout Output Load (A) 

Q + 5V 



Dout Output Load (B) 

( toLZ, toHZ ) 



Dout O- 



Dout O- 



*1 
' 30pF 



5pF 



TTT rrr 

* 1 Including scope and jig. 



Dout Output Load (A) 



Dout Output Load (B) 

{toLZ, toHz) 



Dout O- 



Dout O- 



T77 



T77 



' Including scope and jig 
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Read Cycle 



Parameter 




Symbol - 


HM63021-28 


HM63021-34 


HM63021-45 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 




tRC 


28 


- 


34 


- 


45 


- 


ns 


Read Clock Width 




tRWL 


10 


- 


10 


- 


15 


- 


ns 


tRWH 


10 


- 


10 


- 


15 


- 


ns 


Access Time 




tAC 


- 


20 


- 


25 


- 


30 


ns 


Decode Output Access Time 


(fall) 


tDAl 


- 


20 


- 


25 


- 


30 


ns 


(rise) 


tDA2 


- 


40 


- 


50 


- 


60 


ns 


Output Hold Time 




tOH 


5 


- 


5 


- 


5 


- 


ns 


Decode Output Hold Time 


(fall) 


tDOHl 


5 


- 


5 


- 


5 


- 


ns 


(rise) 


tD0H2 


5 


- 


5 


- 


5 


- 


ns 


Output Enable Access Time 




tOE 


- 


20 


- 


25 


- 


30 


ns 


Output Disable to Output in 


HighZ 


tOHZ 





15 





20 





25 


ns 


Output Enable to Output in 


LowZ 


^OLZ 


5 


- 


5 


- 


5 


- 


ns 


Write Cycle 


Parameter 




Symbol - 


HM63021-28 


HM63021-34 


HM63021-45 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 




^WC 


28 


- 


34 


- 


45 


- 


ns 


twc(^n/2HMode) 


56 


- 


68 


- 


90 


- 


ns 


Write Clock Width 




tWWL 


10 


- 


10 


- 


15 


- 


ns 




tWWH 


10 


- 


10 


- 


15 


- 


ns 


Input Data Setup Time 




fDS 


5 


- 


5 


- 




- 


ns 


Input Data Hold Time 




tDH 


5 


- 


5 


- 




- 


ns 


WE Setup Time 




tWESL 


5 


- 


5 


- 




- 


ns 




tWESH 


5 


- 


5 


- 




- 


ns 


WE Hold Time 




tWEHL 


5 


- 


5 


- 




- 


ns 




tWEHH 


5 


- 


5 


- 




- 


ns 


WT Setup Time 




fWTSL 


5 


- 


5 


- 




- 


ns 




tWTSH 


5 


- 


5 


- 




- 


ns 


WT Hold Time 




tWTHL 


5 


- 


5 


- 




- 


ns 




tWTHH 


5 


- - 


5 


- 




- 


ns 


Reset Cycle 


Parameter 




Symbol — 


HM63021-28 


HM63021-34 


HM63021-45 


Unit 


min 


max 


min 


max 


min 


max 


Reset Setup Time 




tRES 


8 


- 


9 


- 


10 


- 


ns 


Reset Hold Time 




tREH 


5 


- 


5 


- 


7 


- 


ns 


Clock Setup Time Before Reset 


tREPS 


8 


- 


9 


- 


10 


- 


ns 


Clock Hold Time Before Reset 


tREPH 


5 


- 


5 


- 


7 


- 


ns 



Mode Description 

• Time Base Compression/Expansion Mode 

This mode turns HM63021 into a 2048-word x 8- 
bit FIFO memory with asynchronous input/ 
output. The HM63021 provides 2 clocks 
(RCLK; WCLK) and 2 resets (RRE§, WRES), 
one each for read and write. The internal address 
counters increment by 1 address clock and are 



reset to address 0. A write-inhibit function of 
HM63021 stops writing automatically after the 
data has been written into all addresses to 
2047. The write-inhibit function is released by 
reset using WRES, and the HM63021 restarts 
writing into address 0. 

Double-Speed Conversion Mode 
This mode turns HM63021 into a 1024-word x 
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8-bit X 2 memory with asynchronous input/ 
output. It is used for generating non-interlaced 
TV signals. When the original signal and the 
interpolated signal (1 field delay) of interlaced 
signals are input to the HM63021, multiplexed 
per dot, it outputs non-interlaced signals for each 
line. 8 fsc should be input to RCLK and WCLK. 
A standard H synchronizing signal and a non- 
interlace H synchronizing signal are input to 
WRES and RRES respectively. A write-inhibit 
function is provided in this mode, making it 
applicable to PAL TV, where extra data 
(1135-1024=111 bits) is ignored. 

• TBCMode 

This mode turns HM63021 into 2048-word x 
8-bit FIFO memory with asynchronous input/ 
output. The Hl\/I63021 provides 2 clocks 
(RCTLK, WCLK) and 2 resets {RRl§, WRES), 
one each for read and write. The internal address 
counters increment by 1 address at each clock 
and are reset to address 0. The internal address 
counters return to address after they reach 
address 2047. The HM63021 outputs a write 
decode pulse from WDEC, synchronizing it with 
address 2047 in the write address counter, and 
read a decode pulse from RDEC, synchronizing 
with address 2047 in the read address counter. 
Using these pulses, the memory area can be ex- 
tended easily (multiple-HM63021s can be used 
with ease). 

• 1H/2H Delay Mode 

This mode turns HM63021 into a 1024-word x 
8-bit X 2 delay line with synchronous input/ 
output. Delay time is defined by the reset period 

(1) Read after Write (3 bits delay) 



-— HM63021 Series 

of RES. Since the HM63021 outputs a 901 
decode pulse (DEC1) and a 910 decode pulse 
{DEC2), connecting DEC2 to WEB, for example, 
outputs 1 H- and 2H- delayed signals alternately 
at a 8- fsc cycle when the original signal is input 
at a 4- fsc cycle. A write-inhibit function is pro- 
vided in this mode, making it applicable to PAL 
TV, where extra data (1135-1024 =111 bits) is 
ignored. 

• Delay Line Mode 

This mode turns HM63021 into a 2048-word x 
8-bit delay line with synchronous input/output. 
Delay time (3 to 2048 bits) is defined by the 
reset period of RES. The delay is 2048 bits 
when RES is fixed High. Signals delayed by 910 
bits to 1135 bits for example, can be easily ob- 
tained without external circuits by just connect- 
ing selected decoded pulses on DEC1 — DEC4 to 
RES. 

Notes on Using HM63021 

• Hitachi recommends that pin 13 (high im- 
pedance) should be fixed by pulling up or down 
with a resistor (of several kO.) in TBC or DSC 
mode. 

• Hitachi recommends that the mode signal input 
pins and DS pin should be fixed by pulling them 
up or down with a resistor (of several kO). 

• Data integrity cannot be guaranteed when mode 
is changed during operation. 

• When a read address coincides with a write 
address in TBCE, TBC or DSC mode, the data is 
written correctly but it is not always read 
correctly. 





Read Cycle 



(2) Write after Read (2048 bits delay) 




Write Cycle 



Read Cycle 
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At power on, the output of the address counter 
is not defined. Therefore, operations before the 
system is reset cannot be guaranteed, and decode 
signal output is not defined until after the first 
reset cycle. 

The decode signal is latched by a decode output 
latch circuit at the previous address of the in- 
ternal counter address and is output synchron- 
ized with the next address. For example, WDEC 
in TBC mode is latched at write address 2046 
and is output at write address 2047. If a write 
reset is performed on address 2047 at this time. 



the write address becomes and WDEC is out- 
put. 
The same operation is performed in other modes. 



In the reset cycle, the input levels of WRES, 
RRES, RES are raised to satisfy tREH, and are 
fixed high until tf^^p^ in the next pre-reset cycle 
is satisfied. The rise timings of the reset signals 
{RES, WRES, RRES) are optionals provided that 
the tfiEPS specif ication is satisfied. The timings 
at which RES', WRES, and RRES fall after pre- 
reset are also optional, provided that the tpfsPH 
and tfjES specifications are satisfied. 



wsis /// i\i >'///////> ^ K^ /z 



Ireps Ireph 



• Hitachi recommends that t^ (time between 
mode set and the first cycle (Pre-reset)) should 



be kept for 2 cycle time (56ns / 68ns / 90ns) or 
more while the power supply is on. 



( 1 ) TBCE, TBC, DSC and Delay Line Mode 



WCLf 

(CLK) 





Mode 
set 


Pre 

reset 


Reset 




XXXXX) 


[ Valid 










tm 










y//J/ HILU 


A r 


A r 




/////, 


'///////////////> 


f \ 


f 










xxxxx 


(mwmmm 


00000000 


[ Vahd ) 


\ 
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(2) 1H/2H Delay Mode 



n.<.de,DS XM% C 



SSS 



THiL 



wn "iiLu 



wwwwwwwv 



'///////////////T7T777T7 



Pre 

reset 



y 



J 



Note When mode pins are fixed with Vcc, GND in mode set 
while the power supply is on, tm spec is not needed 



Decode Signal 

When internal address counter reaches the specified address as shown below, decode outputs become low. 



Mode 



Pin 

No. 



Pin 
Name 



Internal Address 
counter 



Timing of the 
Output Signal 



Operation 




TBC 



13 WDEC Write 2047 



After Write 2047 



Completion of Writing on all bits is detected. 



26 RDEC Read 2047 



Output of 2046 



Completion of Reading from all bits is detected. 



13 DECl Read 900 (2H) Output of 900 (IH) 



1H/2H 



By inputting this signal to pin #3, 901/1802-bit 
delay output is obtained. 



26 DEC2 Read 909 (2H) Output of 909 (1 H) 



By inputting this signal to pin #3, 910/1820-bit 
delay output is obtained. 



Read 900 



Output of 899 



13 



By inputting this signal to pin #3, 901-bit delay 
output is obtained. 



DECl 



By inputting this sig nal to pin #3 after the 
Read 1 81 Output of 1 809 frequency of DECl is devided into two, 1 8 1 1-bit 

delay output is obtained^ 



Read 909 



Output of 908 



Delay 
line 



By inputting this signal to pin #3, 910-bit delay 
output is obtained. 



26 DEC2 



By inputting this sig nal to pin #3 after the 
Read 1819 Output of 1 81 8 frequency of DEC2 is devided into two, 1820-bit 

delay output is obtained. 



16 



DEC3 Read 1134 



Output of 1133 



By inputting this signal to pin #3, 1135-bit delay 
output is obtained. 



15 DEC4 Read 1125 



Output of 1124 



By inputting this signal to pin #3, 1126-bit delay 
output is obtained. 



Note) When counter is reset by Reset Signal (RRES, RES, WRES), address becomes 0. 

Write-inhibit Function 

When internal address counter is as follows, writing is inhibited automatically for the next cycle. The write- 



inhibit function is cancelled by reset through WRES or RES. 



Mode 



Write-inhibit Function 
(internal counter address) 



TBCE 



Write-inhibit after address 2047 



DSC 



Write-inhibit after address 1023 x 2 



TBC 



No function 



1H/2H 



Write-inhibit after address 1023 



No function 



Note) When address counter is reset by WRES or RES, address becomes 0. 
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Read Reset Cycle (TBCE, TBC Modes) 



I R"«' I I olt^^ 



■» n-1 Cycle 



JT^: 



Jml^ 




^■' " ////////// 



ti 



d™ IjEEI}®CjElZaSGiEj®( 



imiZZZZZZZZZZZZZL 



yz/JE 



Notes) ""l. The read address counter is reset at the first falling edge of RCLK after RRES f alls, me eting the specifications 
of tREpg and t^EPHi and it is not reset at the next falling edge of RCLK even if RRES is kept low. 
When t|^£g, ti^£H> ^REPS* ^"^ ^REPH cannot meet the specifications, the reset operation is not guaranteed. 

*2. Qutpu t^isfro m the read address of the previous cycle. 

*3. When RRES Is l^xed high, the data at the read address counter is reset after the data of address 2047 is output, 
and the same operation restarts. 

Write Reset Cycle (TBCi, TBC Modes) 




^*' 7T//////A 



^^^ l^) C-^^rYmj^^ 



A r 



■^r 



X 



, /~\ r~\ 



Note) The write address counter Is reset at the first falling edge of WCLK af ter W RES fall s, meeting the specifications of 
tREPS 3"^ ^REPH» *"^ ^* ** "o* ""^set at the next falling edge of WCLK even if WRES is kept low. 
When tRES» *REH, *REPS» ^"^ ^REPH cannot meet the specifications, the reset operation is not guaranteed. 
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Reset Cycle (DSC Mode) 



♦ 1. ♦a. ♦4 

WRES "" 



IS 



i. 



;/////////// / 



<B3)XX<A3)XX< 



1^ 



rrw 



(B3) 



♦ 2. ♦a, *4 

RRES AJ 



^ 



iszzz 



7F 



^ 



^zzz 



ztt: 



2 



Reset Timing 1 



Reset Timing 2 




Notes) *1. The write address counter is reset at the first falling edge of WC LK afte r WRES falls, m eeting the specifications 
of tji£pg and tji£pfj, and is not reset at the next falling edge of WCLK even if WRES is kept low. 
When tjiES' ^REH» ^REPS' ^^^ ^REPH cannot meet the spe cificati ons, the rese t operation is not guaranteed. 
The read address counter is reset at the first falling edge of RCL K after R RES f alls, me eting the specifications 
of tjiEPS ^^^ ^REPH* ®"*^ ^* *s not reset at the next falling edge of RCLK even if RRES is kept low. 
When tj^ES^ ^REH' ^REPS ^^^L^REPH cannot meet the specifications, reset oper ation is n ot guar anteed. 
When tREPH> ^res, *REH (WiCMto WCLK), or tREPS> tREPH> ^RES' ^REH (PRES to RCLK) cannot meet 
the specifications, the ou tput of video signal A is not guaranteed. ( Reset T im ing I). 
*4. When tREPS (WRES to RCLK), or tRES, tREH> tREPS' ^REPH (PRES to RCLK) cannot meet the specifica- 
tions, the interpolation signal B is not guaranteed. (Reset Timing II). 



*2. 



*3. 
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Reset Cycle (1H/2H Mode) 



CLK 

(8f8c) 



*1 

WT 

iihe) 



JIT 



mm 



■^sv 



MI 



^SSl 



}Mi 



■\Sfe 



IwrSL tWTHL 



w. 



IWTSH twTHH 



y\ rrr 



. L///////7//////////// 



<fl»*i 




(High) or (Low) 



Notes) *1. WT is the input during half cycle of CLK, meeting the spe cifications of t-^TSL* ^WTHL* ^WTSH>^^^ ^WTHH' 

Data is written when WT is low. Reset is possible when wT is hig h. 

*2. Read address counter is reset at the first falling edge of CL K afte r RES falls, meeting the specifications of 

^REPS B"^ *REPH* And i^ is not reset at the next falling edge of CLK even if RES is kept low. 

When t^£S> ^REH> ^REPS* ^^^ ^REPH cannot meet the specifications, the reset operation is not guaranteed. 
*3. When DS ** ^^^^ h igh, I H output data is delayed by n bits and 2H output data is delayed by 2n bits where 2n 

is the reset cycle of RES. 

When DS is fixed low, IH output data is delayed by n-S bits and 2H output data is delayed by 2n-5 bits. 
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Reset Cycle (D Mode) 



^" ////// /^ 



3s£ 



\ /^ ^ 



^//>/////////////////////// 






T\ 



/b5 ^foir 



"" XiEE)®CiEL)<E^E!iD<XX33l^^ 



/A /A /^ 



XEE)®(EE)®Gk)®GSb^ 




Note) *1. The read address counter is reset at the first falling edge of CL K aft er RES falls , meeting the specifications of 
*REPS ^"^ *REPH» ^^^ i* is ^^^ '"©set at the next falling edge of CLK even if RES is kept low. 
When tRES» *REH» *REPS» ^^^ ^REPH cannot meet the specifications, the reset operation is not guaranteed. 



Write Enable (TBCE, DSC, TBC, D Modes) 



—I n Cycle 



WCLK* 

(CLK) 



WE*1 



feF 



^s: 




I;C^iy^^^Ei3^^m^^^mXtII}>W)(iEM 



Notes) *1. When t\^EHL> tWESH> ^WEHH* ^^^ ^WESL cannot meet this specifications, the write enable operation is not 

guaranteed. 

*2. In the delay line mode, CLK takes the place of WCLK. 
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Write Enable (1H/2H Mode) 



CLK 

(8fsc) 



WT 

(4fsc) 




W /TT —Wr 



WE ♦ 1 "^ f 



-w^^ 



m~^^ 



'um HwwU 



Note) ♦!, When twTSL» *WTHL» *WEHL» ^""^ *WEHH cannot meet the specifications, the write enable operation is not 
guaranteed. 



Decode Output (TBC, D Modes) 




Notes) *1. In TB C mode. W CLK or R CLK takes t h e place of CLK. 

*2. DECis WDEC or RDEC in TlCT, OE^Tl , d1K!2, HECI orTiEC? in D mode. 



Decode Output (1H/2H Mode) 



^" "^-M, 



DECl 
DEC2 



^ 



■^^ZLIW-^^U. 



(L 



A 



Note) *1. When twTSL» *WTHL» ^WTSH' ^^^ *WTHH cannot meet the specifications, the decode output operation is not 
guaranteed. 
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Output Enable (All Modes) 



Note) *1 . Transition of tQHZ ^"^ t^LZis measured ±200 mV from steady state voltage with Output Load B. 
This parameter is sampled and not 100% tested. 
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* An Application Note is available for this device, contact your local Hitachi representative. 

262144-word x 4-bit Frame Memory 



HM53051P is a 262,144-word x 4-bit frame nnennory, using the 
nnost advanced 1.3jum CMOS processes. It performs serial access 
by an internal address generator. 

It offers a high-speed cycle time of 45ns or 60ns (min). As 
input data and output data can be written or read in any cycle, 
synchronized with a system clock, and the delay between data 
read/write operations is freely settable. Y/C separation and 
frozen pictures can be realized easily in 4fsc NTSC digital TV or 
VCR systems. Also, it enables random access in 32-word x 'l-bit 
data block. With this function, picture in picture or a multi- 
plexed picture can be displayed with ease. 
Features 

• 262,144-word x 4-blt serial access memory 

• Organized with dual ports 

Serial input x 4-bit 

Serial output x 4-bit 

• Highspeed 

Read/Write Cycle Time: 45ns/60ns (min) 
Access Time: 35ns/40ns (max) 

• Semi-synchronous Read/Write Cycle 

• Low Power 

Active: 200mW (typ) 

• Random Access in 32-word x 4-bit blocks 

• External Refresh Control is unnecessary 



Ordering Information 






Type No. 


Cycle Time 


Package 


HM53051P-45 
HM53051P-60 


45ns 
60ns 


300 mil 18-pin 
Plastic DIP 



Block Diagram 



TASO- 



External 
Address 
Register 







Address 
Counter 



Register 



Read/Write/Refresh 
Control 

& 
Timing Generator 



[V 



Row 
Decoder 



Memory Array 

262,144X4 



Column Decoder 



WWW^ 



Read Data 
Register 



i m 



Write Data 
" Register 



Shift Register 



nffl 



> Shift Register 



OE DoutO Dout2 

Doutl Dout3 



6 6 6^ 

DmO Din2 WE 

Dml Dm3 




Pin Arrangement 









Dout2 1 1 


V_^ 


18 1 Vbb 


DoutS 1 2 




17 1 Doutl 


OE 1 3 




16 1 DoutO 


TAS 1 4 




15 1 SAD 


CLK 1 5 




14 1 SAS 


CGW 1 6 




13 1 CGR 


Din3 1 7 




12 1 WE 


Din2 1 8 




11 1 DinO 


V(c 1 9 




10 1 Dml 




(Top View) 



Pin Description 



Pin Name 


Function 


Din 


Data Input 


Dout 


Data Output 


OE 


Output Enable 


TAS 


Transfer Address Strobe 


CLK 


System Clock 


CGW 


Clock Gate (Write) 


CGR 


Clock Gate (Read) 


SAD 


Serial Address 


SAS 


Serial Address Strobe 


WE 


Write Enable 
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Functional Description 



Serial access memory with I/O separated 

Read cycle and write cycle of HM53051 can be 
operated independently synchronized with a system 
clock. It realizes time compression or expansion for 
picture in picture in digital TV, for example. 



• Write cycle by CGW 

Write data are taken in at the falling edge of the 
system clock CLK when CGW is low. If CGW is 
high, HM53051 does not enter write cycle (cycle 
time is defined by system clock cycle time). Time 
is compressed easily with CGW. 



CLK 
CGW 
Dm 




1 1 1 1 1 1 1 1 1 1 




1 1 1 




XX - XXXX -- XXXXXXX>0< -- xxxxxxxx 



• Read Cycle by CGR 

Read data is output at the falling edge of the system 
clock CLK when C5H is low. If UI^ is high, 
HM53051 does not enter read cycle (cycle time is 



defined by system clock time), 
is realized easily with CGR. 



Time is expanded 



CLK 
CGR 
Dout 


L 


r 


L 


1 


n r- 


1 1 


1 1 








r 




r 


L 














Dn 


_xxx_ 


Dn+l 


D<xxz: 


Dn + 2 


XXX 


Dn + 3 




Random Access 

The HM53051 is also capable of random access by 
serial address Input, SAD. Random access by the 
unit of 32 -word x 4-bit is performed, when TAS is 
low after read address (ARO — AR12), write address 
(AWO - AW12) and mode setting flags, "rF (Read 



Flag), WF (Write Flag) and MF (Mode Flag) are read 
into by SAD with synchronous SAS. In order to 
output data continuously, the address specified by 
SAD increments automatically. 



SAS 
SAD 
TAS 


u u u u u u u u u 

*- M -3 m -" m 'wn y x - yxx *». )M( fp ^ - m - imm 


u 



Mode Programming 

Operation mode in HM53051 is programmed by the combination of SAD 5-bit. 



MF 


WF 


RF 


AWO 


ARO 


Mode 











X 


X 


Write/read address asynchronous transfer 








1 


X 


X 


Write address asynchronous transfer 





1 





X 


X 


Read address asynchronous transfer 





1 


1 


X 


X 


- 



1 





X 


X 


Write/read address synchronous transfer 


1 


1 


X 


X 


Write address synchronous transfer 







X 


X 


Read address synchronous transfer 




1 


1 


1 


System reset 




1 

1 
1 





1 




1 



Inhibit 



Note) X means Don't care. 
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ReadyWrite Address Asynchronous Transfer Mode 

• Read address asynchronous transfer mode 

( 1 ) Read address asynchronous transfer mode ( 1 ) (CG R : Low) 




Dout 



ZDOCDSCDOC- 



J^/[mJ^2— miJ^/^D^^I^f^Dry^f^ 



Add AR 



Add AR + 1 



Note) The data block at read address AR, specified by SAD, is output starting from the 32-nd system clock after the 
ofTAS. 

(2) Read address asynchronous transfer mode (2) (CGR: High) 



CLK 
TAS 
CGR 
Dout 


1 

1 r 


2 

1 r 


3 

1 [— 


31 

— 1 r 


n^Y 


n^ 


34 35 36 

"i_n_r"L_rL_r~ 


1 r 












-1 




















--. 




XSL. 


Dl 


_J15( D2 )00( D3 )00( D4 )«( 

Add AR 















Notes) *1. The data block at read address AR, specified by SAD, is output starting from the 32-nd system clock after 
th e falli ng of TKS. 
*2. If VGE is turned to low after 33-r d cloc k fron i the falling edge of TSS, the data at read address AR (D2, D3, 
D4 . . .) is output with synchronous CLK while CGR is low. 

• Write address asynchronous transfer mode 

(1) Write address asynchronous transfer mode (1) (CGW: Low) 



CLK 

TAS 

CGW 
Din 


1 2 3 

~i_j-L_r-LJ-"-" 


31 
"1 


32 33 63 64 65 

-i_n_r — -L_rL_rL_r- 


1 1 








--DS 




mmD2mv3m -- 


(D32XXX Dl XXX D2 — D31 XXX D32 XXX Dl XXX D2 

Add AW 4-1 Add AW +2 


Add AW 









Note) The data block at write address AW, specified by SAD, is taken in starting from the 1-st clock after the falling edge 
ofTSS. 



(2) Write address asynchronous transfer mode (2) (CGW; High) 



CLK 

TAS ~| r 

CGW 



31 , . 32 . . 33 . . 34 . . 35 . . 36 



Din 



Mmmfmffmym 



mmmmmfm 



Add AW 



Note) If CGW is turned to low after falling of TAS, the data block at write address AW is taken in with synchronous CLK. 
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Read/Write Address Synchronous Transfer Mode 

• Read address synchronous transfer mode 



1 2 

CLK "LTLJ" 




TAS 
JGR 



-»-u 



Dout DiXXX D2 XXX D3 



i. 



-Add ARN + 1 4— AR 



Note) When TAS turns to low, the data block at read address AR, specified by SAD, is output after the data block at the 
present read address ARN, and the next address ARN+1 is put out. 

• Write address synchronous transfer mode 



CLK 

TAS 

CGW 
Din 


1 2 „ n n + 1,, 31 32 33 1 ^ n ^ 32 

u U^^ u u^^ u u u u 


"LJ 

It It 




)(XD1][^D2 1 Dn mDn + l[[D3imD32MDl)()(XD2XXXD3 
Add AW Add AW + 1 






Note) When TAS turns to low, the data block being written is taken into write address AW. 

System Reset Mode 

System reset mode is the same as read/write address asynchronous transfer mode except that read/write 
address are reset to 0. 

• System reset by SAD 

Note) System reset mode starts when MF, WF, RF, AWO, and ARO are all high. 

• System reset by SAS and TAS 



^^•^ ~i_rL_n 


SAS -j 1 


TAS n r 


— System reset mode 



Note) System reset mode starts when both SAS and TAS are low at the falling edge of the CLK. 

• 1 field delay 

Note) Field-delayed data is output, when CGR and CGW turn to high before the system reset at the beginning of every 
field, and turn to low simultaneously after the 33rd clock from the system reset. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy • Brisbane, CA 94005-1819 • (415) 589-8300 



405 



HM53051P- 



Notes on Using HM53051 

• Input/output data of 32 words is not written or 
read in read/write address asynchronous transfer 
mode or during system reset. The data is written 
or read out in blocks of 32-word x 4-bit. Input 
data of less than 32 words is not written in write 
address asynchronous transfer mode or during 
system reset. When asynchronous read address 
transfer mode or system reset mode is activated, 
output from the current data block will 
continue. When output data from the current 
data block is finished, the next data block is not 
read out if it has less than 32 words. 



• Input data is not read out immediately. The data 
(32 word X 4-bit) is written into the memory 
array in the next 32 cycles after it is taken in. 
The data can be read out only after writing to 
the memory array is completed. If read address 
transfer mode is programmed after the 33 word 
clock from on input data block, new data can be 
read out. If this mode is programmed before the 
33 word clock, new data or old data is output. 



( 1 ) Read/write address asynchronous transfer mode 



CLK 
cycle 

TAS 
Dm 
Dout 
















1 


2 


' 




32 


1 


2 


3 




32 


1 


2 


3 




32 


1 


2 


3 




32 
























(Write Address 

AN) 




Writing on 
Address AN 
















(Read Address 

AN) 






Reading from 
Address AN 


Din of 
Address AN 










Dout of 
Address AN 










1 


1 


'1' 







(2) Read/write address synchronous transfer mode 



CLK 

cycle 



f Write Address 

AN) 



Din of 
Address AN 



32 1 2 3 • • • 32 1 2 3 



Writing on 
Address AN 



"i_r 



(Read Address 

AN) 









Dout of Reading from Address AN Address 
1 Address AR 1 D«"t of Address AR + 1 | aN 


1 
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Mode programming 

Do not reprogram read address transfer mode 
before a read operation of the previous read 
address transfer mode or system reset mode is 
completed. If It is reprogrammed during a read 
operation, address becomes invalid, and the 
device may malfunction. 



Do not reprogram write address transfer mode or 
system reset mode before a write operation of 
the previous write address transfer mode or 
system reset mode is completed. If it is repro- 
grammed during a write operation, address 
become invalid, and the device may malfunction. 



(1) Read address asynchronous transfer mode 















CLK 
cycle 

TAS 
Dout 


1 


2 


3 




32 


1 


2 


3 




32 


1 


2 


3 




32 










































(Read Address AN) 




(Read Address AM) 






Reading from 
Address AN 






Reading from 
Address AM 


Dout of 
Address AM 




Dout of 
Address AN 





(2) Read address synchronous transfer mode 



CLK 

cycle 

TAS 
Dout 
















12 3 


32 


1 1 2 1 3 1 • • 


1. 


1 1 2 1 3 1 • • 1 


32 


1 2 1 


1 1 




1 

(Read Address AN) 


Reading from 
Address AN 


(Read Address AM) 


Reading from 
Address AM 




Dout of 
Address AN 













(3) Write address asynchronous transfer mode 















CLK 

cycle 

TAS 
Dm 


1 


^ 


' 


■ 


32 


1 


^ 


^ 




32 


1 


2 


3 




32 














.,.., „ ... 






















(Write Address AN) 




(Write Address AM) 










Dm of 
Address AN 


Writing on 
Address AN 


Dm of 
Address AM 
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(4) Write address synchronous transfer mode 

















CLK 
cycle 

TAS 
Din 


1 


2 


3 




32 


1 


2 


3 




1 32 


1 1 2 1 3 • • • 


32 






1 


(Write Address AN) 




u 

(Write Address AM) 










Din of 
Address AN 


Writing on 
Address AN 




Dm of 
Address AM 





• Addresses must be set by read and write address 
asynchronous transfer or system reset IOOjlis 
after power on. Before an address can be set. 



32 CLK initialization cycles or more are re- 
quired. 



Absolute Maximum Ratings 



Parameter 




Symbol 


Rating 




Unit 




Voltage on Any Pin Relative to Vgs 


Vt 


-1.0to+7.C 




V 




Power Dissipation 




Pt 


1.0 




W 




Operating Temperature 




Topr 


to +70 




'^C 




Storage Temperature 




Tstg 


-55 to +125 




^'C 




Storage Temperature (under bias) 




Tbias 


-10 to +85 




''C 




Recommended DC Operating Conditions (Ta 


= to +70°C) 










Parameter 


Symbol 


min typ 




max 


Unit 




Vcc 


4.5 5.0 




5.5 


V 






Vss 










V 






VlH 


2.7 




6.5 


V 






ViL 


-0.5*» 




0.8 


V 




Note) *1. -3.0V for pulse width ^ 10ns. 

DC and Operating Characteristics (Ta = to +70°C, Vcc = 5V ± 10%, 


Vss = OV) 








Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Operating Power Supply Current 


Ice 


Min. cycle, 
lout = mA 


- 


40 


60 


mA 


Input Leakage Cunent 


Ili 


Vcc = 5.5 V 
Vin = VsstoVcc 


-10 


- 


10 


mA 


Output Leakage Current 


Ilo 


OE=ViH 

Vout = Vss to Vcc 


-10 


- 


10 


mA 


Output Voltage 


Vol 


Iql = 4-2 mA 


- 


- 


0.4 


V 


VOH 


^OH ^ ~2 "^^' 


2.4 


- 


- 


V 


Capacitance (Ta = 25°C, f = 1 .0 MHz) 


Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Capacitance 


Cin 


Vin = OV 


- 


- 


5 


pF 


Output Capacitance 


Cout 


Vout = V 


- 


- 


7 


pF 



Note) This parameter is sampled and not 100% tested. 
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AC Characteristics (Vcc = 5 V ± 10%, Ta = to +70°C) 
AC Test Conditions 

• Input and output timing reference levels: 1 .5 V 

• Input pulse levels: Vgs to 3 V 

• Input rise and fall times: 5 ns 

• Output Load: 2 TTL + 50 pF 

(Including scope and jig) 



Parameter 


Symbol - 


HM53051-45 


HM53051-60 


Unit 


min 


max 


min 


max 


System Clock Cycle Time 




tec 


45 


300 


60 


300 


ns 


CLK Pulse Width 




tCL 


15 


- 


15 


_ 


ns 


tCH 


15 


- 


15 


- 


ns 


Access Time from CLK 




tAC 


- 


35 


- 


40 


ns 


Output Hold Time 




tOH 


5 


- 


8 


- 


ns 


Output Enable Access Time 




tOEA 


- 


25 


- 


30 


ns 


Output Enable to Output in ] 


LowZ 


tOLZ 


5 


- 


5 


- 


ns 


Output Disable to Output in 


HighZ 


tOHZ 





20 





20 


ns 


CGR Setup Time 




tGRS 


15 


- 


15 


- 


ns 


CGR Hold Time 




tGRH 


5 


- 


5 


- 


ns 


CGW Setup Time 




tGWS 


15 


- 


15 


- 


ns 


CGW Hold Time 




tQWH 


5 


_ 


5 


_ 


ns 


Write Command Setup Time 




twcs 


15 


- 


15 


- 


ns 


Write Command Hold Time 




tWCH 


5 


- 


5 


- 


ns 


Data Input Setup Time 




tDS 


15 


- 


15 


- 


ns 


Data Input Hold Time 




tDH 


5 


- 


5 


- 


ns 


SAS Cycle Time 




tsc 


45 


- 


60 


- 


ns 


SAS Pulse Width 




tSL 


15 


- 


15 


- 


ns 


tSH 


15 


- 


15 


- 


ns 


Serial Address Setup Time 




tSAS 


15 


- 


15 


- 


ns 


Serial Address Hold Time 




tSAH 


5 


- 


5 


- 


ns 


SAS Setup Time during Mode Programming 


tSSH 


15 


- 


15 


- 


ns 


SAS Hold Time during Mode Programming 


tSHH 


5 


- 


5 


- 


ns 


TAS Setup Time 




tTS 


15 


— 


15 


_ 


ns 


TAS Hold Time 




tTH 


5 


- 


5 


- 


ns 


SAS Setup Time during System Reset by SAS/TAS 


tSSL 


15 


- 


15 


- 


ns 


SAS Hold Time during System Reset by SAS/TAS 


tSHL 


5 


- 


5 


- 


ns 
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Read/Write Cycle 



^^ 



"^ 



isE 



M 



■^ 



f 



^^ 



immxm 



r 
J 



\ 



\Ymmm 



JL. 



mm)cmmw)(mmmm 



mm)()cmm ' mxxxmmm 



l)m)m£ 



M 



in 



m: 



jx: 



IT 



jxr 



Notes) * 1 . Write Cycle starts when CGW is low and WE is lo w. Dat a are not written when WE is high. 
Time-compression mod e is re alized by controlling CGW. 
*2. Read cycle starts when CGR is low. Time-expansion mode is realized by controlling CGR. 

Read Cycle (OE control) 




Notes) *1. toKZ J§ defined by the time at which the output achieves the open circuit condition. 
*2- toLZ ^d ^OHZ ^^® sampled and not 100% tested. 
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Mode Selection 




Note) SAS operates asynchronously with CLK. When TAS is low at the falling edge of the CLK, the address transfer cycle 
starts. SAS should be high during the address transfer cycle. 

SAS, TAS Reset Mode 




^^ y 



5f 



TAS 



5S 



tec 



\ 



I 



\ 



tsHL 



7////////////////A /; 



^////////////////y ; 



Its 



^!' 



^ 



Note) The mode which was selected by SAD before SAS and TAS reset, if SAS and TAS are reset, should be changed 
because SAD is newly taken into by SAS. The mode should be reselected by SAD after SAS and TAS reset. 
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HIVIS3461 Series- 

65,536-word x 4-bit Multiport CMOS Video RAM 



The HM53461 is a 262, 144-bit multiport memory equipped 
with a 64k-word x 4-bit Dynamic RAM port and a 256-word x 4- 
bit Serial Access Memory (SAM) port. The SAM port is con- 
nected to an internal 1,024-bit data register through a 256-word x 
4-bit serial read or write access control. In the read transfer 
cycle, the memory cell data is transferred from a selected word 
line of the RAM port to the data register. The RAM port has a 
write mask capability in addition to the conventional operation 
mode. Write bit selection out of 4 data bit can be achieved. 

Utilizing the Hitachi 2/um CMOS process, fast serial access 
operation and low power dissipation are realized. All inputs and 
outputs. Including clocks, are TTL compatible. 



FEATURES 

Multiport organization 

(RAM; 64k-word x 4-bit and SAM; 256 word x 4-bit) 

Double layer polysilicon/polyicide n-well CMOS process 

Single 5V (±10%) 

Low power Active RAM; 380mW max. 

SAM; 
Standby 

RAM; 

SAM; 




• Access Time 



220mW max. 

40mW max. 
100ns/120ns/150ns 

40ns/40ns/60ns 

Cycle Time Random read or write cycle time (RAM) 

190ns/220ns/260ns 

Serial read or write cycle time (SAM) 

40ns/40ns/60ns 
TTL compatible 

256 refresh cycles 4ms 

Refresh function RAS — only refresh 

CAS - before - RAS refresh 
Hidden refresh 
Data transfer operation (RAM^SAM) 

Fast serial access operation asynchronized with RAM port 
except data transfer cycle 
Real time read transfer capability 
Write mask mode capability 



ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM53461P-10 
HM53461P-12 
HM53461P-15 


100ns 
120ns 
150ns 


400 mil 24-pin 
Plastic DIP 


HM53461ZP-10 
HM53461ZP-12 
HM53461ZP-15 


100ns 
120ns 
150ns 


24-pin Plastic ZIP 
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■ PIN ARRANGEMENT 

• HM53461P Series 



sc(T 

si/o,[T 

si/OjIJ 

dt/oe|T 

i/o,[T 

1/O2IT 

weU 

RAS[T 

A6|T 

As [10 

A4 [u 

Vcc[u 



24] Vss 
23] SI/O4 
22] SI/O3 
21]S0E 
20] I/O4 
T9J I/O, 
Is) CAS 

TtJao 

16)Ai 
Is] A2 
14] A3 

13|A7 



• HM53461ZP Series 



1/04 2 = 
SI/03 i\=' 

Vss 6 
_SI/01 S\=[ 
DT/OEIO 

1/02 12 

RAS14 

A516 

Vcc 18 

A3 20 

^22 

CAS 24^ 



1 

M3 



1/03 
SOE 
5 SI/04 
7 SC 
9 SI/02 
11 I/Ol 
13 WE 
15 A6 
17 A4 
=|19A7 
H21A2 
23 AO 



(Bottom View) 



PIN DESCRIPTION 



Pin Name 


Function 


AO- A? 


Address Inputs 


I/Ol -1/04 


RAM Port Data Input/Output 


SI/01 - SI/04 


SAM Port Data Input/Output 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


SC 


Serial Clock 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SOE 


SAM Port Enable 


Vcc 


Power Supply 


Vss 


Ground 



(Top View) 



I BLOCK DIAGRAM 



Write Mask 
control 



WE< 



CAS< 



RASC 



WE clock 
generator 



CAS clook 
generator 



WAS clook 
generator 



^"Y"t 



X address 
buffer 



Y address 
buffer 



C Y decoder 



lOl 

JL 



IO2 

JL 



64K memory 
array 



IO3 

JL 



256 data 
register 



Refresh 
address 
counter 

RA§ IIKE 



SIOi 



64K memory 
array 



64K memory 
array 



256 data 
register 



256 data 
register 



SIO2 



SIO3 



IO4 

JL 



64K memory 
array 



256 data 
register 



1" 

SIO4 



THE clock 
generator 




I DT/OE 



Transfer 
control 



SOE clock 
generator 



SC clock 
generater 



)SOE 



)SC 
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HM53461 Series 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss -1 V to +7V 

Power supply voltage relative to Vss ~0.5V to +7V 

Operating temperature, Ta (Ambient) 0°C to +70**C 

Storage temperature -55°C to +125°C 

Short circuit output current 50mA 

Power dissipation 1W 

■ RECOMMENDED DC OPERATING CONDITIONS (7^=0 to +70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input High voltage 


VlH 


2.4 


- 


6.5 


V 


Input Low voltage 


ViL 


-0.5*^ 


- 


0.8 


V 



Notes: 1. All voltages referenced to F^^. 
2. -3.0V for pulse width S 10ns. 



■ DC ELECTRICAL CHARACTERISTICS (7^ = to +70"C, 


Fcc = 5Vi 


10%, Vss = 


= 0V) 




RAM PORT 


Symbol 


SAM PORT 


HM53461 
-10 


HM53461 
-12 


HM53461 
-15 


Unit 


Standby 


Active 


Operating current RAS, CAS cycling 


^CCl 


o 


X 


70 


60 


50 


mA 


tfic~ "^i"' 


^CCl 


X 


o 


110 


100 


80 


mA 


SUndby current RAS, CAS » Vjh 


JCC2 


o 


X 


7 


7 


7 


mA 


fees 


X 


o 


40 


40 


30 


mA 


RAS only refresh current 


^CC3 


o 


X 


60 


50 


40 


mA 


CAS = K///, RAS cycling tRc = '"i"- 


^CC9 


X 


o 


100 


90 


70 


mA 


Page mode current RAS == Vn, 
CAS cycling tpc^ min. 


^CCA 


o 


X 


50 


40 


. 35 


mA 


^CCIO 


X 


o 


90 


80 


65 


mA 


CBR refresh current RAS cycling 


fees 


o 


X 


60 


50 


40 


mA 


r/2C*mm. 


Jeew 


X 


o 


100 


90 


70 


mA 


Data transfer current 


^eee 


o 


X 


75 


65 


55 


mA 


RAS, CAS cycling t^c' "^i"- 


Jee\2 


X 


o 


115 


105 


85 


mA 



Parameter 


Symbol 


min. 


max. 


Unit 


Input leakage 


^LI 


-10 


10 


mA 


Output leakage 


iw 


-10 


10 


mA 


Output high voltage /o//=- 2m A 


VOH 


2.4 


- 


V 


Output low voltage /qjl =4. 2mA 


Vol 


- 


0.4 


V 



■ INPUT/OUTPUT CAPACITANCE 



Parameter 


Symbol 


typ. 


max. 


Unit 


Address 


CIl 


- 


5 


PF 


Clocks 


CI2 


- 


5 


PF 


I/O, SI/O 


Ci/O 


- 


7 


pF 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (r^=0 to +70°C, Kcc=5V±10%, F55=OV)i)'iO), ii) 



Parameter 


Symbol 


HM5 3461-10 


HM53461-12 


HM5 3461-15 


Unit 


Note 


min. 


max. 


min. 


max. 


min. 


max. 


Random Read or Write Cycle Time 


^RC 


190 


- 


220 


- 


260 


- 


ns 




Read-Modify-Write Cycle Time 


^RWC 


260 


- 


300 


- 


355 


- 


ns 




Page Mode Cycle Time 


fpc 


70 


- 


85 


- 


105 


- 


ns 




Access Time from RAS 


fRAC 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time from CAS 


fCAC 


- 


50 


- 


60 


- 


75 


ns 


3,4 


Output Buffer Turn Off Delay referenced to CAS 


fOFFl 





25 





30 





40 


ns 


5 


Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


6 


RAS Precharge Time 


fRP 


80 


- 


90 


- 


100 


- 


ns 




RAS Pulse Width 


fRAS 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


fCAS 


50 


10000 


60 


10000 


75 


1 0000 


ns 




RAS to CAS Delay Time 


^RCD 


25 


50 


25 


60 


30 


75 


ns 


7 


RAS Hold Time 


fRSH 


50 


- 


60 


- 


75 


- 


ns 




CAS Hold Time 


^CSH 


100 


- 


120 


- 


150 


- 


ns 




CAS to RAS Precharge Time 


^CRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Setup Time 


USR 





- 





- 





- 


ns 




Row Address Hold Time 


^RAH 


15 


- 


15 


- 


20 


- 


ns 




Column Address Setup Time 


fASC 





- 





- 





- 


ns 




Column Address Hold Time 


tCAH 


20 


- 


20 


- 


25 


- 


ns 




Write Command Setup Time 


twcs 





- 





- 





- 


ns 


8 


Write Command Hold Time 


^WCH 


25 


- 


25 


- 


30 


- 


ns 




Write Command Pulse Width 


twp 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


^RWL 


35 


- 


40 


- 


45 


_ 


ns 




Write Command to CAS Lead Time 


tcWL 


35 


- 


40 


- 


45 


- 


ns 




Data-in Setup Time 


tDS 





- 





- 





- 


ns 


9 


Data-in Hold Time 


fDH 


25 


- 


25 


- 


30 


- 


ns 


8,9 


Read Command Setup Time 


fRCS 





- 





- 







ns 




Read Command Hold Time 


fRCH 





- 





- 





- 


ns 




Read Command Hold Time referenced to RAS 


^RRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


tREF~~^ 


- 


4 


- 


4 


- 


4 


ms 




RAS Pulse Width (Read-M'odify-Write Cycle) 


^RWS 


170 


10000 


200 


10000 


245 


10000 


ns 




CAS to WE Delay 


tcWD 


85 


_ 


100 


- 


125 




ns 


8 


CAS Setup time (CAS-before-RAS refresh) 


^CSR 


10 


_ 


10 


- 


10 




ns 




CAS Hold Time (CAS-before-RAS refresh) 


tCHR 


20 


- 


25 


- 


30 


„ 


ns 




RAS Precharge to CAS Hold Time 


^RPC 


10 


- 


10 


- 


10 


- 


ns 




CAS Precharge Time 


tCP 


10 


- 


15 


- 


20 


- 


ns 




Access Time from OE 


to AC 


- 


30 


- 


35 


- 


40 


ns 




Output Buffer Turn-off Delay referenced to OE 


toFF2 





25 





30 





40 


ns 




OE to Data-in Delay Time 


tODD 


25 


- 


30 


- 


40 


- 


ns 




OE Hold Time referenced to WE 


tOEH 


10 


- 


15 


- 


20 


- 


ns 




Data-in to CAS Delay Time 


tDZC 





- 





- 





- 


ns 




Data-in to OE Delay Time 


^DZO 





- 





- 





- 


ns 




OE to RAS Delay Time 


fORD 


35 


- 


40 


- 


45 


- 


ns 




Serial Clock: Cycle Time 


tscc 


40 


- 


40 


- 


60 


- 


ns 




Access Time from SC 


tSCA 


- 


40 




40 


- 


60 


ns 


10 


Access Time from SOE 


tSEA 


_ 


25 


- 


30 




40 


ns 


10 


SC Pulse Width 


tsc 


10 


- 


10 


- 


10 


- 


ns 





(to be continued) 
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HM53461 Series- 





Symbol 


HM5 3461-10 


HM53461-12 


HM5 3461-15 


Unit 


Note 


Parameter 


min. 


max. 


min. 


max. 


min. 


max. 




SC Precharge Width 


^SCP 


10 


- 


10 


- 


10 


- 


ns 




Serial Data-out Hold Time after SC High 


fSOH 


10 


- 


10 


- 


10 


- 


ns 




Serial Output Buffer Turn-off Delay from SOE 


fSEZ 





25 





25 





30 


ns 




Serial Data-in Setup Time 


fsis 





- 





- 





- 


ns 




Serial Data-in Hold Time 


^SIH 


15 


- 


20 


- 


25 


- 


ns 




DT to RAS Setup Time 


iDTS 





- 





- 





- 


ns 




DTto RAS Hold Time(Read Transfer Cycle) 


^RDH 


80 


- 


90 


- 


110 


- 


ns 




DT to RAS Hold Time 


^DTH 


15 


- 


15 


- 


20 


- 


ns 




DT to CAS Hold Time 


tCDH 


20 


- 


30 


- 


45 


- 


ns 




Last SC to DT Delay Time 


fSDD 


5 


- 


5 


- 


10 


- 


ns 




First SC to DT Hold Time 


tSDH 


25 


- 


25 


- 


30 


- 


ns 




DT to RAS Delay Time 


^DTR 


10 


- 


10 


- 


10 


- 


ns 




WE to RAS Setup Time 


^WS 





- 





- 





- 


ns 




WE to RAS Hold Time 


fWH 


15 


_ 


15 


- 


20 


- 


ms 




I/O to RAS Setup Time 


^MS 





- 





- 





- 


ns 




I/O to RAS Hold Time 


fMH 


15 


- 


15 


- 


20 


- 


ns 




Serial Output Buffer Turn-off Delay from RAS 


^SRZ 


10 


50 


10 


60 


10 


75 


ns 




SC to RAS Setup Time 


^SRS 


30 


- 


40 


- 


45 


- 


ns 




RAS to SC Delay Time 


fSRD 


25 


- 


30 


- 


35 


- 


ns 




Serial Data Input Delay Time from RAS 


^SID 


50 


- 


60 


- 


75 


- 


ns 




Serial Data Input to DT Delay Time 


^SZD 





- 





- 





- 


ns 




SOE to RAS Setup Time 


^ES 





- 





- 





- 


ns 




SOE to RAS Hold Time 


^EH 


15 


- 


15 


- 


20 


- 


ns 




Serial Write Enable Setup Time 


fsws 





- 





- 





- 


ns 




Serial Write Enable Hold Time 


^SWH 


35 


- 


35 


- 


55 


- 


ns 




Serial Write Disable Setup Time 


^SWIS 





- 





- 





- 


ns 




Serial Write Disable Hold Time 


fSWIH 


35 


- 


35 


- 


55 


- 


ns 




DT to Sout in Low-Z Delay Time 


^DLZ 


5 


- 


10 


- 


10 


- 


ns 





Notes) 

1 . AC measurements assume t7'=5ns. 

2. Assumes that tRCD^tRCD^max). If t^cD »« greater 
than the maximum recommended value shown in this 
table, tjij^Q exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that rHCD^r«cD(max). 

5.*oFF("»ax) defmes the time at which the output 
achieves the open circuit condition and is not referenced 
to output voltage levels. 

6. Viffimin) and K/jr,(max) are reference levels for measur- 
ing timing of input signals. Also, transition times are 
measured between K/// and Vjl. 

7. Operation with the tjicD(xnAy) limit insures that //j^c 
(max) can be met, tnco^^^) is specified as a reference 
point only, if tprn is greater than the specified /dci> 
(max) limit, then access time is controlled exclusively be 
^CAC. 



^•^WCS and tcwD are not restrictive operating parameters. 
They are included in the data sheet as electrical charac- 
teristics only: if t^cs^ t^cs^min), the cycle is an early 
write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tcwD 
~^CWl>("™in)' t^® cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeter- 
minate. 

9. These parameters are referenced to CAS leading edge in 
early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. Measured with a load circuit equivalent to 2TTL and 
50pF. 

11. An initial pause of IOO/ljs is required after power-up. 
Then execute at least 8 initialization cycles. 
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HM53461 Series 



■ WAVE FORMS 
• READ CYCLE 



RAS 



CAS- 



N: 



?^ ^ '^ .\ 



^~-^'::ByQ<^wzzzzz2zzzzZc 



wr y/wy///y/ 



I/O 
(Output) 



I/O Tj 

(Input) 



'/////////> 



DT/OE 



y^ 



y 



< 



^R^^, / 



V//W/ 



VALID 
Dout 



tOFF2 




YXA Do not care 



• EARLY WRITE CYCLE 



RAS- 



CAS- 



Address 



2x: 



N tuisa - 



WE 



;xsx: 



J-CIZZs 



>3::^: 



I/O "Ns/^ 

(Input) ^_yS^ 



I/O 
(Output) 



DT/OE - 



^mzzzzzzMi. 



-.{ZZZZZZZZZZi 



\^^r^.x 77777777777777. 



High Z 



^ ^///////////////TTTTTy 



VTli Do not care 

Note) * 1 . When W| is *'H" level, the all data on the I/O can be written into the cell. 

When WE is "L" level, the data on the I/O are not written except for when I/O is 'high' at the falling edge of RAS. 
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HM53461 Series - 



• DELAYED WRITE CYCLE 

RAS- 



CAS- 



Address 



t- 



\ 



t i)i , 
DT/OE J\ 



K 



I/O 

(Input) 



K 



V 



; <///////////////// 



♦1 



;®: 



' mmr^^. ///// i///in/ 



H//////ii//iii/in 



VALID 
Dm 



'mnmnuR 



I/O 
(Output)" 



High-Z 



U/A Do not care 



Note) *1. When WE is "H" level, all the data on I/O 1-1/04 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written exept for when I/0="H" at the falling edge of RAS. 

• READ MODIFY WRITE CYCLE 



RAS ■ 



s: 



CAS 






Address 



m 



'M 



\ 



tHH ,tHCi> 



^7M3^ 



I/O 
(Input) 



2^S 



'MH tnzc 



I/O 
(Output) ' 



DT/OE / / / f 



> 



JPh^ 



/ 



: k/////////. 



777777; 



Wh^ 



m 



-tCWL 

-tHWL - 



i\==mzmL 



VALID 
Dm 



toh f2 



W////////, 



H////////A 

i//A Do not care 



Note) * 1. When WE is "H" level, all the data on I/O 1-1/04 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/0="H" at the falling edge of RAS. 
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-HM53461 Series 



• PAGE MODE READ CYCLE 



RS5- 



^. 



CAS- 



Address 



2>[ 



tHAH 
tAi>( 



WE 



2Z 




I ,^T>z:^^3~^' 



tASC 



" rr 



zzzzz 



I/O 
(Output)" 



I/O 
(Input) 



2%: 



y VALID \ 
^ t Pout 3 r 



tC/4H "~*1rT tCAH 



OLUMNJ 
tRCS 



-* -^ tRCS -*—'•- tKCS 

tOhhl tCAC tOhhl 



tins tirin "t (- tohh2 l , ^^ io/a) ~T ~ 



(Q) 



/ VALID \ 
\ Pout jf 



-tRSH 
tCAS 



./^^^ 



TmffSmnmnL 

*«^^^/KCS COLUMN itJ-h""'" 



<Z^ 



i^ VALID \ 

\ ^ Pout ^ r 



vnL 



tOhhl 



to AC tOh I 2 



V/A Do not cart* 




• PAGE MODE WRITE CYCLE (Early Write) 



RAS- 



CAS- 



Adress 



% 



X 



f- 



tCMi tASC^ 1*" ^^^" COLUMN ^ ; 



«7)C3DQ, 



3( 



I/O 
(Input) 

I/O 

(Output) ^ 



K 



J777T^ _, 



tDH tDS 



musKi 



tRSH—m- 
tCAi> 



.aih. 



mm 



mnmmL 

IWCH 

. mTTTTT, 



't\SV — 
'—tDH- 



VALID 
Dm 



'1 ^77777777; 



High-Z 



^.,^vi ^niii/miiii//inii/iiiiiiiiiiiiiiii, 

\rrh Do not care 

Note) *1. When ^is "H" level, all the data on I/0-I/04 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/0="H" at the falling edge of RAS. 
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HM53461 Series- 



• PAGE MODE WRITE CYCLE (Delayed Write) 



RAS . 



CAS- 



/ 



/MS"*"^ /M7' ' tWV COLUMN iff^i^ 






-tRSH »■ l-»- ■ 




WE /y; »i 



(Input) JJ\ 



I/O 
(Output) 



DT/OE 



Z7 



iiyimffmnmnEmiiimnm 



High Z 



vn/iiiiii/ 



V/A Do not care 



Note) * 1. When WE is "H" level, all the data on I/0-I/04 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/0="H" at the falling edge of RAS. 

• Mas-only refresh cycle 



RAS 



"S; 



CAS 



m 



V- 



K_ 



W/////////. 



\tOFFl 



^-m ^ %iiiiiiiiiiiiiiiiiiiiiiiim 

j toFF l 



I/O 

(Output) 



I/O . 
(Input) 



DT/OE '^ 



w 



<iiiiiiiiiniiiiiiiiiiiiiiiii, 



^ 



iiiiiiiiiiiiiiimiTmm, 



MIA Do not care 



HITACHI 

420 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



-HM53461 Series 



• CAS-BEFORE-RAS REFRESH 



RAS • 



/ '\ 



CAS • 



\ 



7 



X 



/ 



Address 



>///////////////////////////////////. 



^^ '///////////////////////////////mr, 



I/O 
(Output) ' 



High-Z 




^'^^ '///////////////////////////////77, 



A 



V/A Do not care 



• HIDDEN REFRESH CYCLE 



RA§ 



^^ 



CAS 



Address 



^ 



W. 



i^i 



4rH 

tA 

i 



WE 



7m 



I/O 
(Output) 



DT/OE 



I/O 
(Input) 



J/ u 






^ ^ii///nn//i/imiii, 



' ^himiiininn 



'm 



< 



VALID 
Dout 



> 



tOFF2 

Mm 



> 



High Z 



\Z72 Do not care 
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HM53461 Series - 



• READ TRANSFER CYCLE (l)*^'*^ 

RAS" 



CAS 



yz^^\ 



J: 



:f 



Addr 



'7M 



zzmnnMMmzMm 




ymcw.m^'r^n^. 



Note 



SI/0 

(Input) 



High-Z ' 



New Row 



V/A Do not care 



♦1 ) In the case t hat th e previous data transfer cycle was read transfer, 
*2) Assume that SOE is "L" level. 
♦3) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 
• READ TRANSFER CYCLE (2)*'''*2 



HAS 



CAS • 



j^= 



^\aJ\'^ 



¥ 



Addr. 



"^jfk^ffii/iiiiiiiiiiiiiiiiiiiiL 

' ^ ic^ J 



WE 



JJ '"i* 



I/O 
(Output) 



I/O 
(Inpul 



'WJI/lll/lllllllllllJlllll/l/lllL 



High Z 



.) mmiiMMm 



DT/OE 



21 



SI/0 
(Output) ' 



■f. 






^z^^mmuiM 



' ^//i/im 



X 



J\ 



mm 




VALID 
Sout 



1///1 Do not care 

I Inhibit rising transient 



Note) 

*1) In the case t hat th e previous data transfer cycle was write transfer or pseudo transfer. 

*2) Assu me that SOE is "L" level, 

♦3) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 
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-HM53461 Series 



• PSEUDO TRANSFER CYCLE 



CAS 



■jfZJ^\ 



tRCD 



Address 




ROW 



WE 



DT/OE 



2^ 



tDTS 

2f 



SOE 



SC 






■^ii/iiii//iiiii//iiiiiiiiii 



X 



SAM START 
ADD 



■f 



y iiiiiiiiiiimiiin 



■=^iniiiiiiuiiijiiiii)iiii 



.^' ^iiimini/////////niiii 



hsKO /set 



SI/0 
(Input) * 







.1 (0"?P".) ) f (///7]Y 



V/A Do not care 

Inhibit rising transient 



Note) 

CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 

• WRITE TRANSFER CYCLE 



ras ■ 



CAS ■ 



Address 



v'ZJZZk 



.-.Tf -^//ii/i////ii/im/iiiiin 



DT/OE 



SOE 



2f. 



lASC 1^ 



■f 



-pm^mmnmmiiiiii 



■^iininn/nininiiiiiii. 



Tr ^iiiiiiiiininmii//j///^ 



SC 



i-^^ mmmmh^f . 



titC 
tSIS tSlH 



SI/0 
(Input) 



^Mjmnnnnmm^fDf^ 



SI/0 
(Output) ■ 



High-Z 



7Th Do not care 

Inhibit rising transient 



Note) *1. 

CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start Address. 
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HM53461 Series - 



• SERIAL READ CYCLE 



RAS 



DTS \ 



-- iiiiiiiiii/iiiiirTTm Kzzzzzz 



r 



SOE 



J' 



sc 






sro ^^fTTsT^^ '^ 

(Output) N I P^ ^°"^ i^ 



\ 






VJ^^ 



C 



Valid 
Sout 



'mfA 



V/A Do not caie 



•SERIAL WRITE CYCLE 



RAS 






^'^^ iiimiiiii//mTTTTn kzzzzzz 

J\ k 



SOE 



SC 



SI/0 
(Input) 



ym. 






Valid 
Sin 



/s/s *4k^ 



' ^/////////t 



Valid 
Sin 



R 



1^/^ Do not care 
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HM53462 Series 

65,536-word x 4 bits Multiport CMOS Video RAM (with Logic operation mode) 



The HM53462 is a 262, 144 bit multiport memory equipped 
with a 64k-word x 4 bit Dynamic RAM port and a 256-word x 
4-bit Serial Access Memory (SAM) port. The SAM port is con- 
nected to an internal 1,024-bit data register through a 256-word 
X 4-bit serial read or write access control. In the read transfer 
cycle, the memory cell data is transferred from a selected word 
line of the RAM port to the data register. The RAM port has a 
write mask capability in addition to the conventional operation 
mode. Write bit selection out of 4 data bit can be achieved. 
RAM port has another new function, logic operation capability. 
By this function logic operation between memory data and input 
data can be done in one cycle. Utilizing the Hitachi 2/xm CMOS 
process, fast serial access operation and low power dissipation are 
realized. All inputs and outputs, including clocks, are TTL 
compatible. 

■ FEATURES 

• Multiport organization 

(RAM; 64k-word x 4 bit and SAM; 256-word x 4 bit) 

• Double layer polysilicon/polyicide n-well CMOS process 

• Single 5V (±10%) 

• Lowpowr Active RAM; 380 mW max. 

SAM; 220 mW max. 
Standby 40 mW max. 

• Access Time RAM; 100ns/120ns/150ns 

SAM ; 40ns/40ns/60ns 

• Cycle Time Random read or write cycle time (RAM) 

190ns/220ns/260ns 
Serial read or write cycle time (SAM) 
40ns/40ns/60ns 



TTL compatible 
256 refresh cycles 
Refresh function 



4ms 

RAS — only refresh 

CAS- before - RAS refresh 

Hidden refresh 
Bidirectional data transfer operation (RAM :;tSAM) 
Fast serial access operation asynchronized with RAM port ex- 
cept data transfer cycle 
Real time read transfer capability 
Write mask mode capability 
Logic operation capability between Din and Dout 
SAM organization can be changed to 1024 x 1 



HM53462P Series 



^ 



(DP-24A) 



HM53462ZPSeires 





(ZP-24) 



ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM53462P-10 
HM53462P-12 
HM53462P-15 


100ns 
120ns 
150ns 


400 mil 24 pin Plastic 
DIP 


HM53462ZP-10 
HM53462ZP-12 
HM53462ZP-15 


100ns 
120ns 
150ns 


24 pin Plastic ZIP 
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HM 53462 Series - 



■ PIN ARRANGEMENT 

• HM53462P Series 




4 



• HM53462ZP Series 

1/03 
SOE 
SI/04 

sc 

SI/02 
11 I/Ol 
13 WE 
15 A6 

>=17 A4 



1,04 
SI/03 

Vss 6 

_SI/01_ 8 

DT/OE 10 

1/02 12 

RAS14 

A5 16 

VcclS 

A3 20 

A122 

CAS 24 

(Bottom View) 



19 A7 
21 A2 
23 AO 



(Top View) 



■ BLOCK DIAGRAM 



Dout 




We 



Memory Array 
(256X256) 



■ PIN DESCRIPTION 



Pin Name 


Function 


AO- A7 


Address Inputs 


I/Ol - I/04 


RAM Port Data Input/Output 


SI/Ol - SI/04 


SAM Port Data Input/Output 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


SC 


Serial Clock 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SOE 


SAM Port Enable 


Vcc 


Power Supply 


vss 


Ground 



^fSffl. 




SI/01 



BY 1 Mode 
(1024X1) 
Other SI/0 (2-4) 
Are in HighZ State. 



BY 4 Mode 256x4 
(Normal Mode) 
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-HM 53462 Series 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to 1/55 -1V to +7V 

Power supply voltage relative to Vss -0.5V to +7V 

Operating temperature, Ta (Ambient) 0°Cto +70°C 

Storage temperature -55°C to +125°C 

Short circuit output current 50mA 

Power dissipation 1W 

■ INPUT/OUTPUT CAPACITANCE 



Parameter 


Symbol 


typ. 


max. 


Unit 


Address 


CI, 


- 


5 


PF 


Qocks 


CI, 


_ 


5 


PF 


I/O, SI/0 


Ci/O 


- 


7 


pF 



RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input High voltage 


VlH 


2.4 


- 


6.5 


V 


Input Low voltage 


ViL 


-0.5*^ 


- 


0.8 


V 



Notes) 1. All voltages referenced to F55. 
2. -3.0V for pulse width ^ 10ns. 




■ DC ELECTRICAL CHARACTERISTICS (Ta = 


= to +70°C, Fee 


= 5V±10%, Vss = OW) 


RAM PORT 


Symbol 


SAM PORT 


HM53462 
-10 


HM53462 
-12 


HM53462 
-15 


Unit 


Standby 


Active 


Operating current RAS, CAS cycling 


^CCi 





X 


70 


60 


50 


mA 


tRc'^ min. 


^CCl 


X 





110 


100 


80 


mA 


Standby current RAS, CAS == Vjff 


^CC2 





X 


7 


7 


7 


mA 


^CCS 


X 





40 


40 


30 


mA 


RAS only refresh current 


JCC3 





X 


60 


50 


40 


mA 


CAS = Vfff, RAS cycling tj^c " "^i"- 


^CC9 


X 





100 


90 


70 


mA 


Page mode current RAS ~ Vrr., 


^CC4 





X 


50 


40 


35 


mA 


CAS cycling tpc'' min. 


^CCIO 


X 





90 


80 


65 


mA 


CBR refresh current RAS cycling 


fees 





X 


60 


50 


40 


mA 


^RC * "^^"• 


^ccn 


X 





100 


90 


70 


mA 


Data transfer current 


Jcce 





X 


75 


65 


55 


mA 


RAS, CAS cycling tRc = "lin- 


^CC12 


X 





115 


105 


85 


mA 



Parameter 



Input leakage 



Output leakage 



Output high voltage /^^ « -2 mA 



Output low voltage Iqi^ = 4.2 mA 



Symbol 



Ili 



Ilo 



Vqh 



Vol 



-10 



-10 



2.4 



10 



10 



0.4 



Unit 



AiA 



AiA 
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HM 53462 Series 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS {Ta = to +70°C, Vcc = 5V ± 10%, Vss = OV)i). lo). ii) 



Parameter 


Symbol 


HM53462 
-10 


HM53462 
-12 


HM53462 
-15 


Unit 


Note 




min. 


max. 


min. 


max. 


min. 


max. 




Random Read or Write Cycle Time 


fRC 


190 


- 


220 


- 


260 


- 


ns 




Read-Modify-Write Cycle Time 


tRWC 


260 


- 


300 


- 


355 


_ 


ns 




Page Mode Cycle Time 


tpc 


70 


- 


85 


- 


105 


- 


ns 




Access Time from RAS 


fRAC 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


- 


50 


- 


60 


- 


75 


ns 


3,4 


Output Buffer Turn Off Delay referenced 
to CAS 


tOFFl 





25 





30 





40 


ns 


5 


Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


6 


RAS Precharge Time 


tRP 


80 


- 


90 


- 


100 


- 


ns 




RAS Pulse Width 


fRAS 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


^CAS 


50 


10000 


60 


10000 


75 


10000 


ns 




RAS to CAS Delay Time 


fRCD 


25 


50 


25 


60 


30 


75 


ns 


7 


RAS Hold Time 


fRSH 


50 


- 


60 


- 


75 


- 


ns 




CAS Hold Time 


fCSH 


100 


- 


120 


- 


150 


- 


ns 




CAS to RAS Precharge Time 


fCRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Setup Time 


tASR 





- 





_ 





- 


ns 




Row Address Hold Time 


fRAH 


15 


- 


15 


- 


20 


- 


ns 




Column Address Setup Time 


Use 





- 





- 





- 


ns 




Column Address Hold Time 


fCAH 


20 


- 


20 


- 


25 


- 


ns 




Write Command Setup Time 


fwcs 





- 





- 





- 


ns 


8 


Write Command Hold Time 


fWCH 


25 


- 


25 


- 


30 


- 


ns 




Write Command Pulse Width 


tWP 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


fRWL 


35 


- 


40 


- 


45 


- 


ns 




Write Command to CAS Lead Time 


^CWL 


35 


- 


40 


- 


45 


- 


ns 




Data-in Setup Time 


tDS 





~ 





- 





- 


ns 


9 


Data-in Hold Time 


WH 


25 


- 


25 


- 


30 


- 


ns 


8,9 


Read Command Setup Time 


fRCS 





- 





- 





- 


ns 




Read Command Hold Time 


fRCH 





- 





- 





- 


ns 




Read Command Hold Time referenced 
to RAS 


fRRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


fREF 


- 


4 


- 


4 


- 


4 


ms 




RAS Pulse Width 
(Read-Modify-Write Cycle) 


fRWS 


170 


10000 


200 


10000 


245 


10000 


ns 




CAS to WE Delay 


^CWD 


85 


- 


100 


- 


125 


- 


ns 


8 


CAS Setup Time 
(CAS - before - RAS refresh) 


^CSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS - before - RAS refresh) 


^CHR 


20 


~ 


25 


- 


30 


- 


ns 




RAS Precharge to CAS Hold Time 


fRPC 


10 


- 


10 


- 


10 


- 


ns 




CAS Precharge Time 


tCP 


10 


- 


15 


- 


20 


- 


ns 




Access Time from OE 


fOAC 


- 


30 


- 


35 


- 


40 


ns 




Output Buffer Turn-off Delay referenced 
toOE 


fOFFl 





25 





30 





40 


ns 




OE to Data-in Delay Time 


^ODD 


25 


- 


30 


- 


40 


- 


ns 




OE Hold Time referenced to WE 


^OEH 


10 


- 


15 


- 


20 


- 


ns 




Data-in to CAS Delay Time 


tDZC 





- 





- 





- 


ns 




Data-in to OE Delay Time 


^DZO 





- 





- 





- 


ns 




OE to RAS Delay Time 


^ORD 


35 


- 


40 


- 


45 


- 


ns 





(to be continued) 
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Parameter 


Symbol 


HM53462 
-10 


HM53462 
-12 


HM53462 
-15 


Unit 


Note 




min. 


max. 


min. 


max. 


min. 


max. 




Serial Clock Cycle Time 


^SCC 


40 


- 


40 


- 


60 


- 


ns 




Access Time from SC 


fSCA 


- 


40 


- 


40 


- 


60 


ns 


10 


Access Time from SOE 


fSEA 


- 


25 


- 


30 


- 


40 


ns 


10 


SC Pulse Width 


tsc 


10 


- 


10 


- 


10 


- 


ns 




SC Precharge Width 


fSCP 


10 


- 


10 


- 


10 


- 


ns 




Serial Data-out Hold Time after SC High 


^SOH 


10 


- 


10 


- 


10 


- 


ns 




Serial Output Buffer Turn-off Delay 
from SOE 


fSEZ 





25 





25 





30 


ns 




Serial Data-in Setup Time 


fsis 





- 





- 





- 


ns 




Serial Data-in Hold Time 


fSIH 


15 


- 


20 


- 


25 


- 


ns 




DT to RAS Setup Time 


fDTS 





- 





- 





- 


ns 




DT to RAS Hold Time 
(Read Transfer Cycle) 


fRDH 


80 


- 


90 


- 


no 


- 


ns 




DT to RAS Hold Time 


fDTH 


15 


- 


15 


- 


20 


- 


ns 




DT to CAS Hold Time 


fCDH 


20 


- 


30 


- 


45 




ns 




Last SC to DT Delay Time 


fSDD 


5 


- 


5 


- 


10 




ns 




First SC to DT Hold Time 


tSDH 


25 


- 


25 


- 


30 


- 


ns 




DT to RAS Delay Time 


fDTR 


10 


- 


10 


- 


10 




ns 




WE to RAS Setup lime 


fws 





- 





- 







ns 




WE to RAS Hold Time 


^WH 


15 


- 


15 


- 


20 


- 


ns 




I/O to RAS Setup Time 


tMS 





- 





- 





- 


ns 




I/O to RAS Hold Time 


fMH 


15 


- 


15 


- 


20 


- 


ns 




Serial Output Buffer Turn off Delay 
from RAS 


fSRZ 


10 


50 


10 


60 


10 


75 


ns 




SC to RAS Setup Time 


^SRS 


30 


- 


40 


- 


45 


- 


ns 




RAS to SC Delay Time 


fSRD 


25 


- 


30 


- 


35 


- 


ns 




Serial Data Input Delay Time from RAS 


fSID 


50 


- 


60 


- 


75 


- 


ns 




Serial Data Input to DT Delay Time 


fSZD 





- 





- 





- 


ns 




SOE to RAS Setup Time 


fES 





- 





- 





- 


ns 




SOE to RAS Hold Time 


tEH 


15 


- 


15 


- 


20 


- 


ns 




Serial Write Enable Setup Time 


tsws 





- 





- 





- 


ns 




Serial Write Enable Hold Time 


fSWH 


35 


- 


35 


- 


55 


- 


ns 




Serial Write Disable Setup Time 


^SWIS 





- 





- 





- 


ns 




Serial Write Disable Hold Time 


fSWIH 


35 


- 


35 


- 


55 


- 


ns 




DT to Sout in Low-Z Delay Time 


(DLZ 


5 


- 


10 


- 


10 


- 


ns 





Notes) 

1 . AC measurements assume tf = 5 ns. 




2. Assumes that f/?(^£) ^ r/?CD (m^x). If r/^(7£) is greater 
than the maximum recommended value shown m this 
table, f/^^(;7 exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

4. Assumes that tj^cD — ^RCD (max). 

5. tQpp (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

6. Vjff (min) and Vjj^ (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vjf^ and Vji. 

7. Operation with the tfi(^p (max) limit insures that 
tRAC (n^ax) can be met, t^cD (niax) is specified as a 
reference point only, if t^cD is greater than the speci- 
fied tficD (max) limit, then access time is controlled 
exclusively be f^ylC- 

8. t\^cs ^"^ ^CWD are not restrictive operating para- 



10. 



11. 



meters. They are included in the data sheet as electri- 
cal characteristics only: if tn>(^s = ^WCS ("^i"). the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwD - ^CWD (mm), the cycle is a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 

(at access time) is indeterminate. 

These parameters are referenced to CAS leading edge 
in early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 
Measured with a load circuit equivalent to 2TTL and 
50 pF. 

After power-up, pause for more than lOO^s and 
execute at least 8 initialization cycles. Then execute 
at least one logic reset cycl e inc luding write mask 
reset (on the falling edge of RAS, WE = "Low" and 
I/Ol - I/O = "High"), and execute one or more trans- 
port cycle for initiation of SAM port. 
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HM 53462 Series 



■ WAVE FORMS 

• READ CYCLE ras 



^s; 



CAS • 



'M 



K 



)->m. 



\ KAi> 



^^ '//////////// 



I/O 

(Output) 



z^^ y///////A >. 



DT OE 



• EARLY WRITE CYCLE 



RAS • 



^ 



X 



■/ 



v//////y////// 



<: 



WZZh, X 



v///////. 



tin 1 2 



<^ 



]^yi Do not care 



CAS- 



■K 



WE ' 



:m. 



:ci~:\ 



n:=zi:/ 



^<3i:^: 



(Output) 



DT OE ■ 



v///////////// 



: //////////// 



,u 7>r^.i<7^r^.x /////////////A 



High Z 



^;^ ^////////////////77777> 



V/A Do not care 

Note) *L When WE is "H" level, the aU data on the I/O can be written into the cell. When WE 
is *'L" level, the d ata o n the I/O are not written except for when I/O is "H" level at 
the falling edge of RAS. 
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HM 53462 Series 



• DELAYED WRITE CYCLE 



RAS- 



CAS- 



Address 



DT/OE 






K 



N; 






1/ 
(Input) 



]/■ 



\lllllllllllllllll. 



m 



' mr^r^^j //// //////// 



H////i/ii//ii/i/n 



VALID 
Dm 



wnnunni 



High-Z 



I/O 

(Output) 

\//A Do not care 
Note) *1. When We is *'H" level, all the data on I/O 1-1/04 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O • "H*' at the falling edge of 
RAS. 

• READ MODIFY WRITE CYCLE 

RAS 




N: 



CAS 




Address 






N. 



;oi: 



/HJ/ , /K( ' 



«zz)S#^ 



I 

(Input) 



nput) //) ^. ;': 



IMW t/)A 



10 
(Output) ' 



> 



3<zzzzzzzzz 



/ 



J'SV 



777777; 



^-^^Up^xShJ 



-ten I - 

-/Ktt/ - 



^z=mnzzL 



y VALID \ 
3»Doutjf 
C I /0F?2 



mnnnnL 



v///////// 

I// /I Do not care 



Note) * 1. When ^ is **H'* level, all the data on I/O 1-1/04 can be written into the memory cell. 

When WE is "L" level, the data on I/Os aie not written except for when I/O • "H" at the falling edge of 
RA§. 



HITACHI 

Hitachi America, Ltd • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 431 



HM 53462 Series - 



PAGE MODE READ CYCLE 



RAB- 



CAS- 



Address 



WE 



z>: 



tHAH 
tAb( 



\ 




mm 



I/O 
(Output)' 



I/O 

(Input) 



Tnm 



VALID \ 
Pout i f 



DT/OEi 



tOhhl 



.^'-^\^zz.^^^zZl' 



um^mm 



W 



u> 



-tRSH 
tCAS 



./^~:^\- 



tCAC tOtt\ 



J ^ VALID \ 
' ^ Dout j f 



this ttnii *1 I* ^'"'1'^, ' *»4- 




W' 



<b 



'iiiji/nii/ 



VEL 



toh hi 



VALID 
Dout 



> 



tOhh2 ^\ . tOA 

'ffTTTTk . 



U)M t<)th2 



fTTTTZ, 



V/A Do not care 



• PAGE MODE WRITE CYCLE (Early Write) 



RAS 



CAS- 



Adress 



% 



\ 



K 



^^^5CDCi,, 



% 



I/O 

(Input) 

I/O 

(Output) 'J^ 






■ ^TTTTh . 



'Kmmm. 



'1." ^Y^ ^^" COLUMN^ ■t.- y 

Wnn^smm^mnmnL 

. fTm/TT, 



.{Eh. 



VALID 
Din 



mm 



VALID 
Dm 



Ylllllllh 



High Z 



rx .E //> ^///////////////////////////iiinniii, 



]// A Do not care 



Note) * 1. When WE is "H" level, all the data on I/O 1-1/04 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of 
RAS. 
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— HM 53462 Series 



• PAGE MODE WRITE CYCLE (Delayed Write) 



RAS • 



CAS . 



y 



Address /X ROW 



WE /X ♦! 








Input) j/y^t 






(Output)' 



DT OE 



'7J 






immmnR 



l^ COLUMN 



ttttk /rmTr. s, mn- jii/iiiiii/ 




/VALII 
I Din 



High Z 



■Jiiiiiiiih 



vnui/i/ij 



V/A Do not care 
Note) * 1. When WE is "H" level, all the data on I/O 1-1/04 can be written into the memory cell. 

When WE is '*L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of 
RAS. 



• raS-only refresh cycle 



RAS 



CAS 



H 



m 



Addr. 



I/O 
(Output) 



y- 



^ 



s iiiiiiniin. 



itB ^iiiiiiiiiiiiiiiiimiiniii 



m- 



I/O - 
(Input) 



iiiiiniiiiiiiiiiiiiiiiinni, 



DT/OE 



^ ilf ^iiiiiniiiDiniiiiiiiiiiiT , 



UTA Do not care 
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HM 53462 Series- 



• US§-BEFORE-ra§ REFRESH CYCLE 



RAS 



— / tHFC tCSK L 



T^ 



\ 



fl. "' .N^ 



j^ 



//////////////////////////////// 



"ZZZZ7 vniin/ii/iii/rmn 
»- //////////////////////////////// 



I/O 
(OUTPUT) - 



HIGH-Z 



TUk Do not care 



• HIDDEN REFRESH CYCLE 



RAS 



^t 



CTTS 



Address 



WE 



"A 



tHAH ^ 



Tim 



ro 

(Output) 



DT/OE 






?- WM> 



I/' 
(Input) 



y_!«i_S^ ,^p-_J\_ 



Y 



W///////////////7777; 



tHHH tm 



^/' HI III linn 



m: 



< 



VALID 
Dout 



ton-2 



> 



nmri 



High-Z 



VIA Do not care 
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-HM 53462 Series 



• READ TRANSFER CYCLE (1)*^'*^ 

HAS 



CAS 



y^^^K 



TYTZls^ 



Addn 



WE 



I/O 
(Output) 



I/O 7 

(Input) 



J^ 



i_ I t( sH n 7 

m 



w//m//mmm7m 



High /, 



^/i/7//i//n//i/iiii/iiiin/i///i/i//// 



DT/OE 



this 



sc 



Output) //yA ^""t 



SI/O 

(' 



yZ^ ^/l/ll/h 




SI/0 
(Input) " 



1 

High Z ' 



Previous 
• Row "*" 



-New Row 




NOTE *1) In the case t hat the previous data transfer cycle was read transfer. U77i Do noi care 

*2) Assu me that SOE is "Low". 

*3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM 
start Address. 
• READ TRANSFER CYCLE (2)*^''2 



RAS 



CAS ■ 



vzi-:\ 






1/0 
(Output) 

I/O 
(Input) 



¥ 



w 



w///m////////////m7m/. 



High Z 



*~^ ^SfiS 

DT/OE Y" 






SI/0 
(Output) 



:^^ 



m*^/mm. 



SI/0 
(Input) , 



t!r^ m///////0 



%///////// 



y3\ 



mnK^m 



I// /I Do not care 

I Inhibit rising transient 



NOTE *1) In the case t hat th e previous data transfer cycle was read transfer. 

♦2) Assume that SOE is "Low" 

*3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM 
start Address. 
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• PSEUDO TRANSFER CYCLE 

RAS 



CAS 



Addr. 



WE 



DT OE 



2|: 



vzirz^ 



tKCl) 






J 



sc 



SI 
(Input) ■ 



IH tAiiC \^ 

M 



SAM START 
ADD 



W///////////////77 



■y////////////////////////// 



y////w////////////w/// 



i2. ^iiniiiiii////ij////inn 



t^HU ,s(( 



sro 

(Output) 



==^/////////A -Tn<7y~ 



I fSCM 



i//yf Do not care 

Inhibit rising transient 



*1) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM 

start address. 
• WRITE TRANSFER CYCLE 



CAS • 



Addr 



iz:]rz\ 



WE 



DT/OE 



SOE 



sc 



"il 



2f 



21:. 



lASC \^ 



■f 



yy.7s^. m77TW //////////, 



-f/////////////////////////. 



•-^iniiiiiiiiiiininiiiiii, 



' tSRD t<irr 



/■-^d ^mmmmt^ 'is. r 



tSIS tsiH 



SI/0 
(Input) 

SI/0 
(Output) 



'VMynMnnnnm^sfD/^ 



High-Z 



}i / A Do not care 

Inhibit rising transient 



*1) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM 
start address. 
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-HM 53462 Series 



• SERIAL READ CYCLE 

RAS 



uxSl 



' »- iiiiiiim/i/i/ifTTm Kzzzzzz 



f 



SOE 



f 



SI o 
(Output) 



■'7^~^ 



\ 






XZZ)*^]'' 



V^^A 



i "^st't %J /l^ . 



Valid 
Sout 



^/>i Do not care 



• SERIAL WRITE CYCLE 



RAS 



^^^^ iiiiniiiiiii/iiiiiin Kzzzzzz 






f 



SOE 



SC 



SI/0 
(Input) 



jm. 



2' tswis \ 



^3cj:zrzirat=:^^^P^^ 



Valid 
Sin 



yiiiiiiiiit 



Valid 
Sin 



V/A Do not care 




■ ELECTRICAL AC CHARACTERISTICS 


[Logic operation mode) 










Parameter 


Symbol 


HM53462-10 


HM53462-12 


HM53462-15 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


Write cycle time 


fpRC 


230 


- 


265 


- 


310 


- 


ns 


RAS pulse width in write cycle 


^RFS 


140 


10000 


165 


10000 


200 


10000 


ns 


CAS pulse width in write cycle 


^CFS 


80 


10000 


95 


10000 


105 


10000 


ns 


CAS hold time in write cycle 


^FCSH 


140 


- 


165 


- 


200 


- 


ns 


RAS hold time in write cycle 


tPRSH 


80 


- 


95 


- 


105 


- 


ns 


Page mode cycle time (Write cycle) 


tppc 


100 


- 


120 


- 


135 


- 


ns 


CAS hold time 

(Logic operation set/reset cycle) 


tpCHR 


90 


- 


100 


- 


120 


- 


ns 


CAS hold time from RAS precharge 
(x4-*xl set cycle) 


fPSCH 


10 


- 


10 


- 


10 


- 


ns 
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■ LOGIC CODE (FCO - 3 are AXO - AX3 in Logic Operation Set Cycle) 



FC3 


FC2 


FCl 


FCO 


LOGIC 


Symbol 


Write Data 

















Zero 













ANDl 


Di-Mi 













AND2 


Dl-Mi 












X4->X1 


- 





1 








AND3 


Di-Ml 





1 







THROUGH 


Di 





1 







EOR 


Df-Mi+Di-MT 





1 






ORl 


Di+Mi 













NOR 


Di'Ml 












ENOR 


DiMi+DiMl 












INVl 


Di 











0R2 


01+ Mi 




1 








INV2 


Ml 




1 







0R3 


Di+MT 




1 







NAND 


Dl+Mi 




1 






1 


ONE 



SAM organization changes to 1024 x 1 



Logic operation mode reset 



Di 
Mi 



: External Data-in 

: The data of the memory cell 



• LOGIC OPERATION SET/RESET CYCLE (With CAS before RAS refresh) 



RAS / ^S> 

_^ tRPC tCSR ^i. 



CAS 



\ 



Address 



WE 



I/O 
(Input) 



Tzm: 



t 



tpsCH tcRP 



*1 



zzzz^; 



im: 



') (/////////////////// 



. ////////////////////// 



\iiiiniiniiniiTn 



I/O 
(Output) 



^^^ iimmuiiiiniiimiininin 

IZZB Do not care 



*1) Logic code A0-A3 (A4-A7: don't care) 
*2) Write mask data 
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■ LOGIC OPERATION MODE 
• EARLY WRITE CYCLE 



RAS 



CAS 



n; 



K 



>; 



ROW 



WE 



;>^: 



/ ^ '^ .\ 



y 



gxC3C>^; 



1/0 

(Input) ' 



I/O 
(Output) 



^: ^//////////////y 



■ j/////m////, 



7hr^m>c^> <///////////////M 



(L 



HIGH Z 




"«^^ V/////////////7777777. 

Note) * 1. When WE is 'high', the all data on the I/O can be written into the cell. fUTK Do not care 

When WE is 'low', the data on the I/O are not written except for when I/O is 'high' 
at the falling edge of RAS. 

• DELAYED WRITE CYCLE L ^i^ 



RAS 



\ 



CAS lASH 



M 



W. 



\ 



DT/OE 



W 



I/O 

(Input) 



yz^ix 



Y 



xiiiiii/i/iiii/in 



w^^m. 



-mm^ r^^///////////// 



M//////i//i/////n 



VALID DATA IN 



' ^iiiiimiiii 



I/O 
(Output) 



NOTE 1) When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. E3 °^ "<^* car® 

When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of RAS. 
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• PAGE MODE WRITE CYCLE (Delayed Write) 



RAS 



CAS 



/' 



IHCI) 



tHAH 
tA^( 



WE 



\. 



. Mil. /IWJ ^"^ * 



j^\^r~\^^ 




iput) //, 



(Input) 

I 
(Output) 

Ff OE 



2ZZZ3 



Z7 



yTTTT^ s, .mTTC JIlin///// 



^^y7^Pfm7T7ipfm7?r mTTTTTTT7, 



VALID 
Dm 



VALID 
Dm 



ximi/iiii/ 



Note) *L When WE is 'high', the all data on the I/O can be written into the cell. 

When WE is 'low', th e data on the I/O are not written except for when I/O is 'high' 
at the falling edge of RAS. 

• PAGE MODE WRITE CYCLE (Early Write) 



\/ / A Do not care 



RAS 



\ 



CAS 



Address 

We 

1/0 
(Input) ^ 



zx: 



S 






^ww <v*cs 



..... ^ ^ *«u . *•' tWP — » 



z^l3B 



I/O 

(Output) t^^^ 



ry^mnm 



.msh. 



VALID 
Dm 



Kzzzzz>: 



u COLUMN * i V 



.mi. 



VALID 
Dm 



t^tDH tDS-*- 



w/////////. 



ITTTTm, 



VALID 
Dm 



IKZZZZZZS 




^mw • Hiimiinn//iiiiiin/iiii//miiiiii. 



Note) *1. When WE is 'high', the all data on the I/O can be written into the cell. 

When WE is 'low', th e data on the I/O are not written except for when I/O is 'high' 
at the falling edge of RAS. 



I 

\///\ Do not care 
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■ DESCRIPTION 

1. LOGIC OPERATION MODE 

HM53462 has an internal logic operation unit 
which makes a process of graphics simple. The logic 
is determined in "Logic operation set/reset cycle", 
and the operation is executed in every write cycle 
succeeding to the logic operation set/reset cycle. In 
this mode the internal read-modify-write operation 
is executed and the cell data is converted into the 
new data given by the logic operation between Din 
and the old cell data. 

2. LOGIC OPERATION SET/RESET CYCLE 

A logic operation set/reset cycle is performed by 
bringing CM and WE low when RAS falls (Fig. 1). 
The logic code and the bits to be masked are dater- 
mined respectively by AxO-3 state and 1/01-4 state 
at the falling edge of RAS. Furthermore, in this 
cycle CAS — before — RAS refresh operation is ex- 
ecuted, too. In the case of executing the conven- 
tional CAS — before — RAS refresh operation, WE 
must be high when RAS falls. 

2.1. Logic code 

The logic code is shown in Table 1 . When power 



is turned on, at least one logic reset cycle including 
write mask reset is required to initialize logic code. 
If the logic code is (Ax3, Ax2, Axl, AxO) = (0, 0, 1, 
1), the SAM organization is changed converter (Fig. 
2). In the case that the SAM organization is 
changed to 1,024 x 1, one data transfer cycle is 
needed to initialie the SAM selector. 
Once the SAM organization is changed to 1024 x 1, 
this code is maintained unless power is turned off. 

2.2. Write mask 

HM53462 has two kinds of mask registers (register 
1 , 2). The register 1 is set by bringing WE low at 
the falling edge of RAS during the write cycle, and 
the mask data is available only in this cycle. The 
register 2 is set by level of I/O m the logic operation 
set/reset cycle, and the mask data is available until 
the next logic operation set/reset cycle. If the re- 
gister 1 is set during the current logic operation 
mode, the mask data of the register 1 is preferred 
(that of the register 2 is ignored) and the logic be- 
comes "THROUGH" only in this cycle (Fig. 3). 




RAS 



CAS 



\. 



V 



Addr 



X 



/ 



''L" 



J 



FC0-FC3 



WE 



V 



"L" 



X 



I/O Y Mask Reg 2 Y 



Fig. 1 LOGIC OPERATION SET/RESET CYCLE 



V/ /\ Do not care 
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Table 1. LOGIC CODE (FCO - FC3 are AXO - AX3 in Logic Operation Set Cycle) 



FC3 


FC2 


FCl 


FCO 


LOGIC 


Symbol 


Write Data 

















Zero 













ANDl 


DiMi 













AND2 


DT'Mi 












X4-^X1 


~ 





1 








AND3 


DiMi 





1 







THROUGH 


Di 





1 







EOR 


W"Mi+DiMi 





1 






ORl 


Di+Mi 













NOR 


DT Mi 












ENOR 


DiMi+nr-Mi 












IN VI 


Di 











0R2 


DT+Mi 




1 








INV2 


Mi 




1 







0R3 


Di+Ml 




1 







NAND 


Dl+Ml 




1 






1 


ONE 



Fig. 2 THE SHIFT WAY OF SAM DATA 



SAM Data Register 



1) By 4 mode (SAM organization: 256 x 4) 



SAM organization changes to 1024 x 1 
Logic operation mode reset 



Di 
Mi 



: External Data-in 

: The data of the memory cell 



Serial I/O 



l-fl 






I 1 e 1 a 




SI/01 










i i * ; ^ 




SI/02 










i i ^ i ^ 




SI/03 










I ; h 1 d 




SI/04 













} 












SC ; 


K 


\ 


\ 
























SI 01 


X 




a 




\ 




e 




X 




SI 02 


y 




b 




X 




f 




y 
















SI 03 


7. 




c 




X 




K 




X 


SI 04 


X 




d 




X 




h 




X 
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2) By 1 mode (SAM organization: 1024 x 1) 

SC 

SI/01 
SI/02 
SI/03 
SI/04 



High Z 



H.gh-Z 



High Z 



- HM53462 Series 




Fig. 3 EXAMPLE OF LOGIC OPERATION MODE 





Logic operation 
set/reset cycle 


Write cycle 


Write cycle 


Write cycle 


Write cycle 


RAS 




r^ 


r^ 


r^ 


r- 


/ 














CAS 


"L" /— 


H \ / 


-:;rA r 


■M- \ / 


„ V / 








WE 
I/Ol 


L / 


^A 


L / 


^ r 


Tp^ /— 






^'0" Write 








V 


Masked / 


"1" Write 


\ U Write 












1/02 


/ 


Masked 


"1" Write 


Masked 
Masked 


Masked 








1/03 


Masked / 


■""■■\ Write 


^ Masked 








Masked 


"0" Write 




1/04 






"T'Wnte \- 


-/ "1" Write 












Logic 


— 


ANDl 


THROUGH 


ANDl 


ANDl 




Mask reg.2 is set 
I 2,3 .Masked 
Assume that the 

logic IS set to 

"ANDl". 




Mask reg.l is set, 
and valid only in 
this cycle 
I 01,4:M asked 
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Preliminary 



131072-Word X 8-Bit Multiporl CMOS Video RAM 



The HM538122 is a 1 -Mbit multiport video RAM equipped with a 
1 28-kword x 8-bit dynamic RAM and a 256-word x 8-bit SAM (serial 
access memory). 

Its RAM and SAM operate independently and asynchronously. It 
can transfer data between RAM and SAM and has a write mask 
function. 

It also provides logic operation mode to simplify its operation. In 
this mode, logic operation between memory data and input data can 
be executed by using internal logic-arithmetic unit. 

Features 

• Multiport organization 

Asynchronous and simultaneous operation of RAM and SAM 

capability 

RAM: 1 28-kword x 8-bit and SAM: 256-word x 8-bit 

• Access time RAM: 1 00 ns/1 20 ns/1 50 ns max 

SAM: 30 ns/ 40 ns/ 50 ns max 

• Cycle time RAM: 1 90 ns/220 ns/260 ns min 

SAM: 30 ns/ 40 ns/ 60 ns min 

• Low power 

Active RAM: 385 mW max 

SAM: 275 mW max 

Standby 40 mW max 
High-speed page mode capability 
Logic operation mode capability 

2 types of mask write mode capability 
Bidirectional data transfer cycle between RAM and SAM capability 
Real time read transfer capability 

3 variations of refresh (8 ms/51 2 cycles) 
RAS-only refresh 
CAS-before-RAS refresh 
Hidden refresh 

TTL compatible 



Pin Arrangement 



Ordering Information 



Type No. 



Access Time 



Package 



HM538122JP-10 100 ns 400-mil 

HM538122JP-12 120 ns 40-pin 

HMS38122P-15 150 ns Plastic SQJ (CP40D) 





sec 


^\^ 


40 


JVssI 


SI/OO [ 


2 


39 


] 81/07 


81/01 C 


3 


38 


] 81/06 


81/02 C 


4 


37 


] 81/05 


81/03 C 


5 


36] 81/04 


DT/OEC 


6 


35 


pSE 


l/O0[ 


7 


34 


11/07 


1/01 C 


8 


33 


]l/06 


1/02 C 


9 


32 


11/05 


1/03 C 


10 


31 


]l/04 


VcdC 


11 


30 


JVss2 


WEIJ 


12 


29 


iNC 


NCE 


13 


28 


I NO 


RASC 


14 


27 


]CAS 


NCC 


15 


26 


]NC 


A8C 


16 


25 


]A0 


A6C 


17 


24 


]A1 


A5C 


18 


23 


3A2 


A4C 


19 


22 


]A3 


Vcc2C 


20 


21 


]A7 




(Top View) 





Pin Description 



Pin Name 


Function 


A0-A8 


Address inputs 


I/0-I/07 


RAM port data inputs/ 
outputs 


SI/OO- 

SI/07 


SAM port data inputs/ 
outputs 


tM 


Row adress strobe 


CAS 


Column address strobe 


WE 


Write enable 


DT/OE 


Data transfer/Output 
enable 


sc 


Serial clock 


SE 


SAM port enable 


Vcc 


Power supply 


Vss 


Ground 


NC 


No connection 



This document contains information on a new product. Specifications and infomiation 
contained herein are subject to change without notice. 
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Block Diagram 



I DT/OE I 



SAM 



I/O 



WE 



y E 



=iOc=) 



Dout 
Dm 



Memory 
Array 



255 



511 o<y 



Pointer 



O 



From 

Column Address 

(SAM Start Address) 



Jd Mask 



Register 



-[W] 




Pin Function 

RAS (input pin): RAS is a basic RAM signal. It is 
active in low level and standby in high level. Row 
address and signals as shown in table 1 are input at the 



falling edge of RAS. The input level of those signals 
determine the operation cycle of the HM538122. 







Table 1 


. Operation Cycles of the HI\/1538122 




Input Level at the 


Falling Edge of RAS 




Operation Cycle 


CAS 


DT/OE 




WE 


SE 




H 


H 




H 


X 


RAM read/write 


H 


H 




L 


X 


Mask write 


H 


L 




H 


X 


Read transfer 


H 


L 




L 


H 


Pseudo transfer 


H 


L 




L 


L 


Write transfer 


L 


X 




H 


X 


CBR refresh 


L 


X 




L 


X 


Logic operation set/reset 



Note: x; Don't care. 



CAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 
I/O in RAM. 

A0-A8 (input pins): Row address is determined by 
A0-A8 level at thefalling edgeof RAS. Column address 
is determined by A0--A7 level at the falling edge of 
CAS. In transfer cycles, row address is the address on 
the word line which transfers data with SAM data 
register, and column address is the SAM start address 
after transfer. 



WE (input pin): WE pin has two functions at the falling 
edge of RAS and after. When WE Is low at the falling 
edge of RAS, the HM5381 22 turns to mask write mode. 
According to the I/O level at the time, write on each I/O 
can be masked. (WE level at the falling edge of RAS is 
don't care in read cycle.) When WE is high at the falling 
edge of RAS, a normal write cycle is executed. After 
that, WE switches read/write cycles as in a standard 
DRAM. In a transfer cycle, the direction of transfer is 
determined by WE level at the falling edge of RAS. 
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When WE is low, data is transferred from SAM to RAM 
(data is written into RAM), and when WE is high, data 
is transferred from RAM to SAM (data is read from 
RAM). 

I/O0-I/O7 (input/output pins): I/O pins function as 
mask data at the falling edge of RAS (in mask write 
mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. 
After that, they function as input/output pins as those 
of a standard DRAM. 

DT/OE (input pin): DT/OE pin functions as DT (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM 
and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a serial read 
cycle, data is output from an SI/0 pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an Sl/O pin at the rising edge of SC is put into the 
SAM data register. 

SE (input pin): SE pin activates SAM. When SE is high, 
Sl/O is in the high impedance state in serial read cycle 
and data on Sl/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 

SI/OO-SI/07 (Input/output pins) : Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by 
the previous transfer cycle. When it was a read transfer 
cycle, Sl/O outputs data. When it was. a pseudo 
transfer cycle or write transfer cycle, Sl/O inputs data. 

Operation of HM5381 22 

Operation of RAM Port 

RAM Read C ycle _^ 

(DT/OE high, CAS high, at the falling edge of RAS) 

Row address is ent ered a t the RAS falling edge and 
column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 
OE is low while CAS is low, the selected addres s data 
Is output through I/O pin. At the falling edge of RAS, 
DT/OE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 



Address access time (tAA) and RAS to column address 
delay time (tRAo) specifications are added to enable 
high-speed page mode. 

RAM Write Cycle 

(Early Write, Delayed Write, Read-Modify- Write) 

(DT/OE high, CAS high at the falling edge of RAS) 

• Normal Mode Write Cycle (WE high at the falling 
edge of RAS) 



When CAS and WE are set low after RAS is set low, 
a write cycle is executed and I/O data is written at the 
selected addresses. When all 8 l/Os are written, WE 
should be high at the falling edge of RAS to distinguish 
normal mode from mask write mode. 

If WE is set low before the CASf ailing edge, this cycle 
becomes an early write cycle and I/O becomes high 
impedance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle 
becomes a delayed write cycle. Data is input at the WE 
falling edge. I/O does not become high impedance in 
this cycle, so data should be entered with OE high. 

If WE is set low after tcwo (min) and tAwo (mln) after 
the CAS falling edge, this cycle becomes a read-modify- 
write cycle and enables write after read to execute in the 
same address cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and 
setting OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends on 
I/O level (mask data) at the falling edge of RAS. Then the 
data is written in high I/O pins and masked in low ones 
and internal data is preserved. This mask data is effective 
during the RAS cycle. So, In high-speed page mode 
cycle, the mask data is preserved during the page 
access. 

High-Sp eed Page Mode Cycle 

(DT/OE high, CAS high at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data 
of the sam e row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the random 
read/write cycle and is higher than the standard page 
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mode cycle by 70-80%. This product is based on static 
column mode, therefore address access time (tAA), 
RAS to column address delay time (tRAo), and access 
time from CAS precharge (tACP) are added. In one RAS 
cycle, 256-word memory cells of the same row address 
can be accessed. It is necessary to specify access 
frequency within tRAs max (1 ^is). 

Transfer Operation 

The HM5381 22 provides the transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 
low at the falling edge of RAS. 

They have following functions: 

(1 ) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM -^ SAM 

(b) Write transfer cycle: RAM f- SAM 

(3) Determine input or output of SAM I/O pin (Sl/O) 
Read transfer cycle: Sl/O output 
Pseudo transfer cycle, 

write transfer cycle: Sl/O input 



(4) Determine first SAM address to access (SAM start 
address) after transferring at column address. When 
SAM start address is not changed, neither CAS nor 
address need to be set because SAM start address 
can be latched internally. 

Read Transfer Cycie (CAS high, DT/OE low, WE high 
at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving 
DT/OE low and WE high at the falling edge of RAS. The 
row address data (256 x 8 bit) determined by this cycle 
is transferred synchronously at the rising edge of DT7 
OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by 
column address. 

This cycle can access SAM serially even during 
transfer (real time read transfer). In this case, the timing 
tsDD (min) is specified between the last SAM access 
before transfer and DT/OE rising edge, and tsDH(min) 
between the first SAM access and DT/OE rising edge 
(see figure 1). 
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CAS 



V 



/ 



A X. A Yi A 



DT/OE 



SC 



SI/0 



AVAVAUM^/^^VAVj^ 




Figure 1. Real Time Read Transfer 



If read transfer cycle is executed, SI/0 becomes 
output state. When the previous transfer cycle is either 
pseudo transfer cycle or write transfer cycle and SI/0 
is in input state, uncertain data outputs after tRLz(min) 
after the RAS falling edge. Before that, input should be 
set high impedance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE 
low, and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching 
Sl/O from output state to input state becau se da ta 
in R AM isn't rewritten. This cycle starts when CAS is 
high, DT/OE low, WE low, and "SE high, at the falling 
edge of RAS. The output buffer in SI/0 b ecom es high 
impedance within tsRz (max) from the RAS falling 
edge. Data should be Input to SI/0 later than tsiD (min) 
to avoid data contenti on. S AM access becomes enabled 
after tsRD (min) after RAS bec omes high. In this cycle, 
SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 



WriteTransfer Cycle (CAS high. DT/O E low, WE low, 
and SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at 
the falling edge of RAS. The column address is specified 
as the first address to serial write after terminating this 
cycle. Also in this cycle, SAM access becomes enabled 
after tsRD (min) after RAS becomes high. SAM access is 
inhibited during RAS low. In this period, SC should not 
be raised. 

SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output 
from SI/0. If SE is set high SI/0 becomes high impedance 
and internal pointer Is incremented at the SC rising 
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Serial Write Cycie 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode, in this cycle, Sl/Odata is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, Sl/O data isn't input into data 
resister. Internal pointer is incremented according to 
the SC rising edge, so SE high can mask data for SAM. 

Refresh 



HM538122 Series 

organized as fully static circuitry, don't require refresh. 

Logic Operation Mode 

The HM538122 supports logic operation capability 
on RAM port. It performs logic operations between the 
memory cell data and input data In logic operation 
mode cycle, and writes the result into the memory cell 
(read modify write). This function realizes high speed 
raster operations and simplifies peripheral circuits for 
raster operations. 



RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 51 2 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 
activate RAS -such as read/wrJte cycles cr transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses 
every 8 ms. 

RAS-Only Refresh Cycle: RAS-only refresh cycle is 
performed by activating only RAS cycle with CAS fixed 
to high by inputting the row address (= refresh address) 
from external circuits. In this cycle, output is high- 
impedance and power dissipation is less than that of 
normal read/write cycles because CAS internal circuits 
don't operate. To distinguish this cycle from data 
transfer cycle, DT/OE should be high at the falling 
edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits 
because it is input through an internal refresh counter. 
In this cycle, output is in high impedance and power 
dissipation is lowered like in RAS-only refresh cycles 
because CAS circuits don't operate. To distinguish this 
cycle from logic operation set/reset cycle, WE should 
be high at the falling edge of RAS. 

Hidden Refresh Cycle: Hidden refresh cycle 
performs refresh by reactivating RAS when DT/OE 
and CAS keep low in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector). 



Logic Operation Set/Reset Cycle 

(CAS and WE Low at the falling edge of RAS) 

In logic operation set/reset cycle, the following 
operations are performed at the same time; 1 . Selection 
of logic operations and logic operation mode set/reset, 
2. Mask data programming, 3. CAS-before-RAS refresh. 

Figure 2 shows the immg for logic operattorr se1/ 
reset cycle. This cycle starts when CAS and WE are low 
at the falling edge of RAS. In this cycle, logic operation 
codes and mask data are programmed by row address 
and I/O pin at the falling edge of RAS respectively. 
When write cycle is performed after this cycle, the logic 
operation write cycle starts. In the logic operation 
mode, the specification of cycle time is longer than that 
of normal mode because read-modify-write cycle is 
performed internally. In this cycle, logic operation codes 
and mask data programmed are available until 
reprogrammed. In normal mode, mask data is available 
only for one RAS cycle. Here, the mask data 
programmed in normal mode is named as "temporary 
mask data" and the one programmed in logic operation 
set/reset cycle is named as "mask data". 

(l)Selection of logic operations and logic operation 
mode set/reset 

Table 2 shows the logic operations. One operation 
Is selected among sixteen ones by combinations of 
A0-A3 levels at the falling edge of RAS. (A4-A8 are 
Don't care.) Logic operation codes (A3, A2, A1 , AO) = 
(0,1 ,0,1 ) resets the logic operation mode. When write 
cycle is performed after that, normal write cycle starts. 
However, even in this case, mask data is still available. 
I/O should be at high level at the falling edge of RAS in 
logic operation set/reset cycle when mask data is not 
used. 
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(2)Mask data programming 

High/low level of I/O at the falling edge of RAS 
functions as mask data. When I/O is high, the data is 
written in write cycle. When I/O is low, the input data is 



masked and the same memory cell data remains. 
Mask data, programmed In this cycle, is available 
until reprogrammed. It is advantageous when the 
same mask data continues. 







_ \ 

RAS 


/ 


CAS \ 


1 


A0-A3 ^ Logic Code \ 






WE \ 


1 


'/O0-'/O3 ][ Mask Data \ 







Figure 2. Logic Operation Set/Reset 







Table 2. Logic Code 








Logic Code 




Write Data 




A3 


A2 Al 


AO Symbol 


Notes 








Zero 








ANDl 



DiMi 



AND2 



Di-Mi Logic operation mode set 



Mi 



AND3 



DiMi 



THROUGH 



Di Logic operation mode reset 



EOR 



DiMi+DiMi 






1 


1 




ORl 


Di+Mi 













NOR 


DiMi 












ENOR 


DiMi+DiMi 







1 





INVl 


Di 







1 




0R2 


Di+Mi 




1 








INV2 


Mi 




1 







OR3 


Di+Mi 




1 


1 





NAND 


Di+Mi 




1 


1 




One 


1 



Logic operation mode set 



Notes: Di; External data-in 

Mi; The data of the memory cell 
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Logic operation 
set/reset cyde 


Write cycle 


Write cycle 


Write cycle 


Write cycle 


MS 
ZKS 
WE 

l/OO 

1/01 
1/02 

1/03 


\ 


. /' 


\ / ^ 


f /' 


\ / ^ 


\ / 




.. / 


..„-\ / 


..,\ / 


,.\ / 


\_f 








:X^ 


... / 


...\ 


/ 


..„\ / 






"0"Write 








..,.\ 


Masked / 


"VWrite 


\ "0"Write 










-7 


Masked 


"1 "Write 


Masked 
Masked 


Masked 




"L" 


Masked / 


\ "0"Write 


_/ Masked 








Masked 


"0"Write 






"H" 


"r'Write \__ 


_J "1 "Write 










Logic 


— 


ANDI 


THROUGH 


ANDI 


ANDI 


Remarks 


Mask data is set. 
l/01,2:Masked 
Assume that the 
logic is set to 
"ANDI." 




Temporary mask 
data is set, and 
valid only in this 
cycle.l/O 0, 3: 
Masked (I/04- 
I/07 are also ope- 
rated similarly.) 










Figure 3. 2 Types of Mask Write Function and Logic Operation Function 



Also, temporary maskdata is programmed by falling 
WE at the falling edge of RAS in logic operation mode 
cycle after maskdata is programmed in logic operation 
set/reset cycle. In this case, temporary mask data is 
available only for one cycle. 

Logic operation is reset during temporary mask 
write cycle. It means that external input data is written 
into I/O when temporary mask data is set. Figure 4 
shows write mask and logicoperations. These functions 



are useful when RAM port is devided into frame buffer 
area and data area, as they save the need to reprog ram 
logic operation codes and mask data. 

Write Cycle in Logic Operation Mode 
(Early Write, Delayed Write, Page Mode) 

Write cycle after logic operation set cycle is logic 
operation mode cycle. In this cycle, the following read- 
modify-write operation is performed Internally. 
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(1) Reading memory data in given address into internal memory data 

bus. (3) Writing the result of (2) into address given by (1) 

(2) Performing operation between input data and 



Read 1 -word source data 



Read 1-word destination data 



Al^ 



Execute logic operation between source data and 
destination data 



_\^ 



Write the result of operation into the destination 
address 



Execute logic operation set/reset cycle 



a: 



Read 1-word source data 



_^Z_ 



Write read data into the destination address 



(a) Normal Mode (b) Logic Operation Mode 

Figure 4. Sequence of Raster Operation 



r- . . . . .. r^ . executed in one write cycle of logic operation mode. It 

Figure4showssequenceof raster operation. Raster , . ^ ^ . ..^. ■ . 

... _, „ , /_.^- X- J makes raster operation faster and simplifies peripheral 

operation which needs 3 cycles (destination read, . , ^ r r- r 

^. . ^. ^. ., , . , . . hardware for raster operation, 

operation, destination write) in normal mode can be ^ 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Terminal voltage * ' 


Vt 


-1.0 to +7.0 


V 


Power supply voltage *^ 


Vcc 


-0.5 to +7.0 


V 


Power dissipation 


Pr 


1.0 


w 


Operating temperature 


Topr 


to +70 


°c 


Storage temperature 


Tstg 


-55 to +125 


°c 



Note: *1. Relative to Vss. 



Recommended DC Operating Conditions (Ta = to +70°C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage*^ 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage*^ 


Vm 


2.4 


— 


6.5 


V 


Input low voltage * ^ 


ViL 


-0.5*2 


— 


0.8 


V 



Notes: *1. All voltages referenced to Vss. 
*2. -3.0 V for pulse width < 10 ns. 
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DC Characteristics (Ta = to +70X, Vcc = 5 V ±10%, Vss = V) 




HM538122 HM538122 HM538122 
Item Symbol -10 -12 -15 Unit 
Min Max Min Max Min Max 


Test Conditions 
RAM port SAM port 



Operating 
current 



Icci 



Icc7 



Standby current Icc2 



ICC8 



RAS-only Icc3 

refresh current 



Icc9 



Page mode Ico* 
current 



Iccio 



CAS -before- Ices 
RAS refresh 
current 



Iccii 



Data Icc6 

transfer 

current Icci2 



70 



60 



— 50 mA 



— 120 



— 100 



80 mA 



RAS, CAS 

cycling 
tRC= Min 



SC = ViL, SE = Vm 

SE = ViL,SC cycling 
tscc = Min 



7 mA 



RAS,CAS 

= VlH 



— 50 



— 40 — 30 mA 



SC = ViL, SE=ViH 

SE = ViL, SC cycling 
tscc = Min 



60 



50 



40 mA 



— 110 



_ 90 — 70 mA 



RAS cycling 
CAS = ViH 
tRc= Min 



SC = ViL,SE = ViH 

SE = ViL, SC cycling 
tscc = Min 



65 



55 



45 mA 



115 



95 — 75 mA 



CAS cycling 
RAS = ViL 
tRc= Min 



SC = ViL. SE = Vm 

SE = ViL, SC cycling 
tscc = Mitt 



60 



50 — 40 mA 



RAS cycling 
tRC= Min 



110 



90 



70 mA 



SC = ViL, SE = ViH 

SE = Vn., SC cycling 
tscc = Min 




— 90 



90 — 90 mA 



125 



125 



125 mA 



RAS,CAS 

cycling 
tRc = Min 



SC = ViL, SE = ViH 

SE = ViL, SC cycling 
tscc = Min 



Input leakage 
current 


Ili 


-10 


10 


-10 


10 


-10 


10 


MA 




Output leakage 
current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


ma 




Output high 
voltage 


VOH 


2.4 


— 


2.4 


— 


2.4 


— 


V 


loH = -2 mA 


Output low 
voltage 


Vol 


— 


0.4 


— 


0.4 


— 


0.4 


V 


loL = 4.2 mA 



Capacitance (Ta = 25X, Vcc =5V, f = l MHz, Bias: Clock, I/O = Vcc, address = Vss) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cii 


— 


— 


5 


PF 


Clock 


Cl2 


— 





5 


PF 


I/O, SI/O 


ClA) 


— 


— 


7 


pF 
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AC Characteristics (Ta = to +70T, Vcc = 5 V ±10%, Vss = V)*^' *^' 
Test Conditions 

input rise and fall time: 5 ns 

Output load: See Figures 

Input timing reference levels: 0.8 V, 2.4 V 
Output timing reference levels: 0.4 V, 2.4 V 



Output Load (A) 



loH=— 2mA 



Output Load (B) 



loH = — 2mA 



loL = 4 2mA 



I/O 



1 



'777 



-w- 



SI/0 



lOOpF*^ 



T 



■KF 



'SOpF" 



777 



Note: *L Including scope & jig. 



Common Parameter 



Item 


Symbol 


HM538122-10 
Min Max 


HM538122-12 
Min Max 


HM538122-15 
Min Max 


Unit Note 


Random read or write cycle time 


tRC 


190 


— 


220 


— 


260 


— 


ns 


RAS precharge time 


tRP 


80 


— 


90 


— 


100 


— 


ns 


RAS pulse width 


tRAS 


100 


10000 


120 


10000 


150 


10000 


ns 


CAS pulse width 


tCAS 


30 


10000 


35 


10000 


40 


10000 


ns 


Row address setup time 


tASR 





— 





_ 





__ 


ns 


Row address hold time 


tRAH 


15 


— 


15 


— 


20 


— 


ns 


Column address setup time 


tASC 





— 





— 





— 


ns 


Column address hold time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 


RAS to CAS delay time 


tRCD 


25 


70 


25 


85 


30 


no 


ns *5/6 


RAS hold time 


tRSH 


30 


— 


35 


— 


40 


— 


ns 


CAS hold time 


tCSH 


100 


— 


120 


— 


150 


— 


ns 


CAS to RAS precharge time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 


Transition time (rise to fall) 


tr 


3 


50 


3 


50 


3 


50 


ns *« 


Refresh period 


tREF 


— 


8 


— 


8 


— 


8 


ms 


DT to RaS setup time 


tDTS 





— 





— 





— 


ns 


DT to RAS hold time 


tDin 

tDZO 


15 


— 


15 


— 


20 


— 


ns 


Data-in to OM delay time 





— 





— 





— 


ns 


Data-in to CAS delay time 


tDZC 





— 





— 





— 


ns 
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Read Cycle (RAM), Page Mode Read Cycle 



Item 


Symbol 


HM538122-10 
Min Max 


HM538122-12 
Min Max 


HM538122-15 
Min Max 


Unit 


Note 


Access time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


•2,*3 


Access time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


•3.*S 


Access time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


*3 


Address access time 


Ua 


— 


45 


— 


55 


— 


70 


ns 


•3.*6 


Output buffer turn off delay 
referenced to CAS 


tOFFl 





25 





30 





40 


ns 


•7 


Output buffer turn off delay 
referenced to OE 


tOFF2 





25 





30 





40 


ns 


•7 


Read command setup time 


tRCS 





— 





— 





— 


ns 




Read conmiand hold time 


tRCH 





— 





— 





— 


ns 


♦12 


Read conunand hold time 
referenced to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 


•12 


RAS to column address 
delay time 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


*5.*6 


Page mode cycle time 


tPC 


55 


— 


65 


— 


80 


— 


ns 




CAS precharge time 


tCP 


10 


— 


15 


— 


20 


— 


ns 




Jkc^cess time from CAS precharge 


tACP 


— 


50 


— 


60 


_ — 


75 


us 




Write Cycle (RAM), Page Mode Write Cycle 


Item 


Symbol _ 


HM538122-10 
Min Max 


HM538122-12 
Min Max 


HM538122-15 
Min Max 


Unit 


Note 


Write conunand setup time 


twcs 




















ns 


•9 


Write command hold time 


tWCH 


25 


— 


25 


— 


30 


— 


ns 




Write command pulse width 


tWP 


15 


— 


20 


— 


25 


— 


ns 




Write command to RAS lead time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write command to CAS lead time 


tCWL 


30 





35 





40 





ns 




Data-in setup time 


tDS 





— 





— 





— 


ns 


♦10 


Data-in hold time 


tDH 


25 


— 


25 


— 


30 


— 


ns 


*10 


WE to RAS setup time 


tws 





— 





— 





— 


ns 




WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




Mask data to RAS setup time 


tMS 





— 





— 





— 


ns 




Mask data to RAS hold time 


tMH 


15 


— 


15 


— 


20 


— 


ns 




OE hold time referenced to WE 


tOEH 


10 


— 


15 


— 


20 


— 


ns 




Page mode cycle time 


tPC 


55 


— 


65 


— 


80 


— 


ns 




CAS precharge time 


tCP 


10 


— 


15 


— 


20 


— 


ns 
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Read-Mod ify-Write Cycle 



Item 


Symbol 


HM538122-10 
Min Max 


HM538122-12 
Min Max 


HM538122-15 
Min Max 


Unit 


Note 


Read modify write cycle time 


tRWC 


255 


— 


295 


— 


350 


— 


ns 




RAS pulse width 


tRWS 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE delay 


tCWD 


65 


— 


75 


— 


90 


— 


ns 


*9 


Column address to WE delay 


tAWD 


80 


— 


95 


— 


120 


— 


ns 


♦9 


OE to data-in delay time 


tODD 


25 


— 


30 


— 


40 


— 


ns 




Access time from RAS 


tAC 


— 


100 


— 


120 


— 


150 


ns 


•2.*3 


Access time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


*3.*5 


Access time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


•3 


Address access time 


tAA 


— 


45 


— 


55 


— 


70 


ns 


•3.*6 


RAS to column address delay 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


♦5.*6 


Output buffer turn-off delay 
referenced to OE 


tOFF2 





25 





30 





40 


ns 




Read command setup time 


tRCS 





— 





— 





— 


ns 




Write command to RAS lead time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write command to CAS lead time 


tCWL 


30 


— 


35 


— 


40 


— 


ns 




Write command pulse width 


tWP 


15 


— 


20 


— 


25 


— 


ns 




Data-in setup time 


tDS 





— 





— 





— 


ns 


♦10 


Data-in hold time 


tDH 


25 


— 


25 


— 


30 


— 


ns 


*10 


WE to RAS setup time 


tws 





— 





— 





— 


ns 




WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




Mask data to RAS setup time 


tMS 





— 





— 





— 


ns 




Mask data to RAS hold time 


tMH 


15 


— 


15 


— 


20 


— 


ns 




OE hold time referenced to WE 


tOEH 


10 


— 


15 


— - 


20 


— 


ns 





Refresh Cycle 



Item Symbol 


HM538122-10 
Min Max 


HM538122-12 
Min Max 


HM538122-15 
Min Max 


Unit 


Note 


CAS setup time tcsR 
(CAS-before-RAS refresh) 


10 


— 


10 — 


10 — 


ns 




CAS hold time tarn 
(CAS-before-RAS refresh) 


20 


— 


25 — 


30 — 


ns 




RAS precharge to CAS hold time tRPC 


10 


— 


10 — 


10 — 


ns 





456 



Hitachi America, Ltd. • Hitachi Plaza 



<$^ HITACHI 

► 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM5381 22 Series 



Transfer Cycle 



Item 


Symbol 


HM538122-10 
Min Max 


HM538122-12 
Min Max 


HM538122-15 
Min Max 


Unit Note 


WE to RAS setup time 


tws 





— 





— 





__ 


ns 


WE to RAS hold time 


tWFI 


15 


— 


15 


— 


20 


— 


ns 


SE to RAS setup time 


tES 





— 





— 





— 


ns 


SE to RAS hold time 


tEH 


15 


— 


15 


— 


20 


— 


ns 


RAS to SC delay time 


tSRD 


25 


— 


30 


— 


35 


— 


ns 


SC to RAS setup time 


tRS 


30 


— 


40 


— 


45 


— 


ns 


DT hold time from RAS 


tRDH 


80 


— 


90 


— 


110 


— 


ns 


DT hold time from CAS 


tCDH 


20 


— 


30 


— 


45 


— 


ns 


Last SC to DT delay time 


tSDD 


5 


— 


5 


— 


10 


— 


ns 


First SC to DT hold time 


tSDH 


TBD 


— 


TBD 


— 


TBD 


— 


ns 


DT to RAS lead time 


tDTL 


50 


— 


50 


— 


50 


— 


ns 


DT hold time referenced to 
RAS high 


tDTHH 


20 


— 


25 


— 


30 


— 


ns 


DT precharge time 


tDTP 


30 


— 


35 


— 


40 


— 


ns 


Serial data input delay time 
from RAS 


tSID 


50 


— 


60 


— 


75 


— 


ns 


S€r4al4ata input to RAS 
delay time 


tSZR 


— 


10 


- — 


10 


-- — 


10 


tis 


Serial output buffer turn-off 
delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


75 


ns *' 


RAS to Sout (Low-Z) delay time 


tRLZ 


5 


— 


10 


_ 


10 


— 


ns 


Serial clock cycle time 


tscc 


30 


— 


40 


— 


60 


— 


ns 


Access time from SC 


tSCA 


- 


30 


- 


40 


— 


50 


ns *' 


Serial data out hold time 


tSOH 


7 


— 


7 


— 


7 


— 


ns *"* 


SC pulse width 


tsc 


10 


— 


10 


— 


10 


— 


ns 


SC precharge width 


tSCP 


10 


— 


10 


— 


10 


— 


ns 


Serial data-in setup time 


tsis 





— 





— 





— 


ns 


Serial data-in hold time 


tSIH 


15 


— 


20 


_ 


25 


— 


ns 




Serial Read Cycle 



Item 


Symbol 


HM538122-10 
Min Max 


HM538122-12 
Min Max 


HM538122-15 
Min Max 


Unit 


Note 


Serial clock cycle time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access time from SC 


tSCA 


— 


30 


— 


40 


— 


50 


ns 


•4 


Access time from SE 


tSEA 


— 


25 


— 


30 


— 


40 


ns 


•4 


Serial data-out hold time 


tSOH 


7 


— 


7 


— 


7 


— 


ns 


•4 


SC pulse width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC precharge width 


tSCP 


10 


— 


10 


— 


10 


— 


ns 




Serial output buffer turn-off 
delay from SE 


tSEZ 





25 





25 





30 


ns 
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Serial Write Cycle 



Item 


Symbol 


HM538122-10 
Min Max 


HM538122-12 
Min Max 


HM538122-15 
Min Max 


Unit Note 


Serial clock cycle time 


tscc 


30 


— 


40 


— 


60 


— 


ns 


SC pulse width 


tsc 


10 


— 


10 


— 


10 


— 


ns 


SC precharge width 


tSCP 


10 


— 


10 


— 


10 


— 


ns 


Serial data-in setup time 


tsis 





— 





— 





— 


ns 


Serial data-in hold time 


tSIH 


15 


— 


20 


— 


25 


— 


ns 


Serial write enable setup time 


tsws 





_ 





— 





— 


ns 


Serial write enable hold time 


tSWH 


30 


— 


35 


— 


50 


— 


ns 


Serial write disable setup time 


tswis 





— 





— 





— 


ns 


Serial write disable hold time 


tSWIH 


30 


— 


35 


— 


50 


— 


ns 



Logic Operation Mode 



Item 


Symbol 


HM538122-10 
Min Max 


HM538122-12 
Min Max 


HM538122-15 
Min Max 


Unit Note 


CAS hold time 
(logic operation set/reset cycle) 


tram 


90 




100 




120 




ns 


RAS pulse width in write cycle 


tRFS 


140 


10000 


165 


10000 


200 


10000 


ns 


CAS pulse width in write cycle 


tCFS 


60 


— 


70 


— 


80 


— 


ns 


CAS hold time in write cycle 


tFCSH 


140 


— 


165 


— 


200 


— 


ns 


RAS hold time in write cycle 


tFRSH 


60 


— 


70 


— 


80 


— 


ns 


Write cycle time 


tFRC 


230 


— 


265 


_ 


310 


— 


ns 


Page mode cycle time 
(write cycle) 


tFPC 


85 


— 


100 


— 


120 


— 


ns 



Notes: 



*1. AC measurements assume it = 5 ns. 

*2. Assume that tRCD < IRCD (max) and tRAD < tRAD (max). 

If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC exceeds the value shown. 
*3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
♦4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
♦5. When tRCD > tRCD (max) and tRAD < mAD (max), access time is specified by tCAC, 
*6. When tRCD < tRCD (max) and tRAD > tRAD (max), access time is specified by iaa. 
*7. tOFF (max) is defined as the time at which the output achieves the open circuit condition (VoH- 200 mV, VoL+ 200 mV). 

Vdi (min) and ViL (max) are reference levels for measuring timing of input signals. Transition times are measured between 

Vm and Vil. 

When twcs > twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) condition. 

When tAWD > tAWD (min) and tcWD > tCWD (min), the cycle is a read-modify-write cycle; the data of the selected address 

is read out from a data output pin and input data is written into the selected address. In this case, impedance on I/O pins is 

controlled by OE. 

* 10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 

modify-write cycles. 

* 1 1 . After power-up, pause for 1 00 )js or more and execute at least 8 initialization cycles (normal memory cycles or refresh cycles), 

then start operati<»i. 
*12. If either IRCH or tRRH is satisfied, operation is guaranteed. 



*8. 



♦9. 
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Timing Waveforms 
Read Cycle 



HM5381 22 Series 



RA§ 



CAS 



Address 



2x: 



■^ ^~^^ \ 



Row 



WE Z 



I/O 
Output) 



:m< 



'i ^ tc/ 



f/0 7; 

(Input) 






DT/or 2^ 



;/ 



]>mmMMM 



< 





miM. meiiiil 



Don't care. 



Early Write Cycle 



RAS 



CAS 



^: 



:>^: 



;4=:^-^\ 



Nc=zz;/r 



Column 



I/O 
(Input) 



I/O 
(Output) 



DT/OE 






■ J///////////////A 



High-Z 



[J/J2 '• Oont care 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce U. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM5381 22 Series 



Delayed Write Cycle 



\: 



CAS 



'¥. 



WE 



V-. 



'K 



DT/or 



I/O 
(Input) 



■A 



JT; 



•* — tcAH »\ 



■ JllllllllWIIIIh 



mm 



¥~Ej&Z^^iJML 



mm 



I/O 
(Output)" 



High-Z 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 

Read-Mod ify-Write Cycle 



RAS 



t 




^"^^ J S^ 



Row 



WE 



I/O 
(Input) 



WH , IRCS 



^B#r 



TMIi 



I/O 
(Output) " 



DT/OE V 



> 



mmm 



/ 



IF^ 



mhj 



C Valid ^: 



2 



'-zMMM 



mmmmMR 



m. 



Don't care 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM5381 22 Series 



Page Mode Read Cycle 






\ 



,( 



"WE 



2ZZ2r 



I/O . 
(Output) 

I/O 
(Input) 



Tum 



M 



I |-»tRCS tRCH »| -*j-Wt|,cS — tRCH ••tRCS ^ tRCH '*^ """ 

/ I I — rJ--: — tAt— -\-r-Ar-m -xfT—r-r ——___._ — ;, — - — -— 



topFi r~T 



Valid 
Dout 



MP 



7 



2^ Valid ^-\ 



^,^//P l/A ^ ^77;77i ' FmfK. 



m 



WZl 



Valid 
Dout 



:0FF2 



Y/yji • Don't care 



Page Mode Write Cycie (Eariy Write) 



RAS 



CAS 



\ 



\. 






I/O 
(Input) 



I/O 



♦ 1 



(Output) t^^^ 

"DT/or 



x^_/ 



^33{=?i^^5j=>^^«ZZ^2ZZ 



.^^. 



:i<3!:*^^c 






,/^77>. 



^ t DH ^ 



rZi^SC 



./77777T, 



Valid 
Din 



)^^ 



High-Z 



V//////////////////////////////777777 

t^/%1 : Don't care 



Note: ♦I. When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM5381 22 Series 



Page Mode Write Cycle (Delayed Write) 



RAS 



CAS 



Address 



■\ 



.r^\ 



^3; 



WE 



's. 






1/0 
(Input) 

I/O . 
(Output) 



7)(z:m^^iizzzM>m3t 



-H tc, 



iS^zmz^^^mzzzzzzzz 



it^^mm^x .mur^ .f777TA~y /////////. 



High-Z 



DT/OE y j^ 



w/////////. 



V////////// 

Y//} : Don't care. 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 

RAS-Only Refresh Cycle 



RAS 



CAS 



X 



W- 



% 

'»"£. 



^ 



V 



/o 2Z^ 



(Output) 



I/O 
(Input) 



DT/OE 



vii/inn 
" ^/////////imiii/iiiii 



JT 



^iiiii/iiiii/iimiiiih 



Hiiii////i//iimrTTT^ 



Y/A '- Don't care. 
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HM5381 22 Series 



CAS-Before-RAS Refresh Cycle 














15AS 
Address 

-m 

I/O 
(Input) 

I/O 
(Output) 

dj/Ue 


L 


tRC 






tRP 




1 tRP 


\ 


/ 




tRAS 1 


r 


tRPC , 1 tcSR 


'^ 






tcRP 






* tcHR ^1 


-* - 








1 


t ,^ 








/////////////////////////// 




/////////////////////////// 




////////////////////////// 


High-Z 




V///////////////////// 


|^>^ : Don't care. 



Hidden Refresh Cycle 



RAS 



^: 



CAS 7 




f- 



RAO 
tRAH 



Row 



X 



\ 



Column 



WE 



I/O . 
(Output) 



--r~:m 



I/O 
(Input) 



S> 



;/s:^ 



^mmiiinimmiL 



c 



Valid Data Out 



High-Z 



>i) 1- K/%1 : Don't care. 
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HM5381 22 Series 



Read Transfer Cycle (1)*^*^ 



£ 



Address / Y ^^^ 



Otw, 



M 



SiiiiinmiiiiiirTTTi 



- vi/niminiiiniiiiiiiiiir 



High-Z 



<,:S) u/w//////i///////mn//ni///iTTTi 



J 



SI/0 TN "vliT 

I // A ^"^ 



-fZZZZS 



t:^^;=fvZ,^V^J~\ 



(Output) . 



SI/0 
(Input) 



[^ t$cA Previous Row -•— | I ► New Row 



High-Z 



^/y/A '■ Don't care 



Notes: *1. Wh en the previous data tr ansfe r cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don't need to be specified every cycle if SAM start address is not changed. 

Read Transfer Cycle (2) *^ *^ 



WS 



3: 



WE ']\ 



jc«: 



r 



: mTinTi Tm 



imrn 



z- iiniiiii/nim/iiiifiiiii/ii 



(Input) 



DT/OT 



iiii/iiiiiriiiiiiiiiiiiiiiiiiiiiTT, 



t. 



Sl/O 
(Output) 



i 



IZZZZZZZZZ 



SI^^^fflM_>^ 



Valid 
(Input) / L Sin 



\//////////r7m . 






IC>6^/| : Don't care 

KXXI : Inhibit rising transient 



Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
♦2. SEis in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don't need to be specified every cycle if SAM start address is not changed. 
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HM5381 22 Series 



Pseudo Transfer Cycle 



CS5 



£ 



K 



FT/fJT 



u^: 



SI/0 
(Input) 



SI/0 
(Output) 



:o: 



i 



^ iiiiiiiiniiiiiiiijmm 



' ^llllllllllllllillllllllllllllll lL 



' jiiiiiiiiiiiiiijiiiiiiiiiiiiiiii i 




^iililillillll j ljiiiiiiiiiiiin 



1^ 



t;cF I *«CC 



^zzzzzzzzzip^^czzzx: 

1 1. 



:y^ Don't care 
)00( Inhibit rising transient 
I/O . Don't care 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

Write Transfer Cycle 



"RAS 
CAS 



Address /^ Row 



DT/Or 



%1 



M 



^ 



^ 



'-P 



yimiiiiiiiimniiinni 



Trn 



^iimiiiiiiiiiiiiiiiiiiiii'iiimi 



]/i/////i/mnn/i//////!!'!//h'!-: 



iiiiiiiimiiniiiiiiiiiiinmnn, 



p towywct "'^^ 



Zc p ^iiiiiiiiiiif^ 






SI/0 
(Output) 



High-Z 



[;^%/j : Don't care 

[^^ . Inhibit rising transient 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM5381 22 Series 



Serial Read Cycle 



■ras 



^/o-r iiiiiiiiiiiiiiiiiTJTm viiiiiiiin 



SE 



J 



J 



SI/0 
(Output) 



ym. 



Valid 
Sout 



(n-1) 



> 



tscc 






^^^^^A r 



/ Valid V/ / /V' V^ 

tgrj r Sout N I I h. Sout 



KX^ • Don't care. 



Serial Write Cycle 



RAS 



DT/OE 



SE 



iiiiiimiiiiiiiiiiiih Viiiiiim 



X 



f 



J^tsWIS^ tswiH V 






tsiS tsiH 

IC^ : Don't care. 



Notes: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address is accessed next to address 255. 
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HM5381 22 Series 



Logic Operation Set/Reset Cycle 



■RaS" 



CSS 



wr 



I Upc 



tRP 



zzz): 



m 



I tcRP 



/ 



tws ^ 



I/O 7 
(Input) 



i 



tos t 



' <JllllllllllllltllTl 



/iiiiiiiiiiiiimiiiiiii. 



• iiiiiiiiiimimin 



I/O 
(Output) 



High-2 



Y//\ '• Don't care 



Notes: 1. Logic code A0-A3 
2. Write mask data 
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HM5381 22 Series 



Logic Operation Mode Timing Waveforms 
Early Write Cycle 



ws 



c^ 



Address 



wr 



tASR 



^ 



tws 



m: 



1m: 



-tcAH—» 



^^mmmm 



■ mrmw 



I^^MS^ ^ tMH ^ 1 I tps ^ ^ tpH X 



I/O 
(Output) 



tpTS 

vr 



High-Z 



--7// iuuniinnunmmTTTi 

X//X : Don't care. 



Note: * 1 . When WE is high, all the data on I/Os can be written into th e mem ory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 

Delayed Write Cycle 



Ra§ 



\ 



CaS tx 



/- '- \ 



WE" 



tors 



3EI 



r 



:( ////////////////, 



mm UJ 



I/O 7 

(Input) ' 



r 



Vlllllllli 



r 



Va..dData.n (T/ ////// / 



I/O 
(Output) 



High-Z 



tyy^l '. Don't care. 



Note: *1. When WE is high, all the data on I/Os can be written into th e mem ory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 
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HM5381 22 Series 



Page Mode Write Cycle (Delayed Write) 



RAS 



CAS 



Address /y Row fcolumn (/ //////Column jV/// A Colu 



t 

I/O rf 

(Input) jp._ 



I/O 
(Output)" 



DT/OE IJJ 



IFPC ^ Urn IFRSH 1 



,|^\ 



DH Ids 



wmmmmmmimL 



jtcWL 






High-2 



¥77777 



^^ : Don't care 



Note: * 1 , When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 

Page Mode Write Cycle (Early Write) 



RAS 



CAS . JASR' 



Address 



I/O 
(Input) 



■• iFCSH *- ■* iFPC ^ I^F RSH ^_ 

lASC tf.u *SC t lASC * 



tMS I ItMH tos 



tnu tosl |toH ^ 



:z:;/ZZZZ/ 



LtMS^l |t_MH tpsl LtpH, Leu ll£H tlSi , ^°" ^ 1 

r'~nr*ir*1r' n rir*i *n I 

DHSzzz2©zz]m(zzzzz 



I/O 
(Output) 



High-Z 



DT/OE 



//r i//////////////// /////////, 



Note: ♦ 1. When WE is high, all the data on I/Os can be written into the mem ory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 
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HM5381 23 Series 



Preliminary 



131072-Word x 8-Bit IVIultiport CIVIOS Video RAIVI 



The HM5381 23 is a 1 -Mbit multiport video RAM equipped with a 
128-kword x 8-bit dynamic RAM and a 256-word x 8-bit SAM (serial 
access memory). Its RAM and SAM operate independently and 
asynchronously. It can transfer data between RAM and SAM and 
has a write maskf unction. In addition, it has two new functions. Flash 
write clears the data of one row in one cycle in RAM. Special read 
transfer internally detects that the last address in SAM is read and 
transfers the next data of one row automatically from RAM if a 
transfer cycle has previously been executed. These functions make 
it easier to use the HM538123. 

Feautures 

• Multiport organization 

Asynchronous and simultaneous operation of RAM and SAM 

capability 

RAM: 128-kword x 8-blt and SAM: 256-word x 8-bit 

• Access time RAM: 1 00 ns/1 20 ns/1 50 ns max 

SAM: 30 ns/ 40 ns/ 50 ns max 

• Cycle time RAM: 1 90 ns/220 ns/260 ns min 

SAM: 30 ns/ 40 ns/ 60 ns min 

• Low power 

Active RAM: 385 mW max 

SAM: 275 mW max 
Standby 40 mW max 

• High-speed page mode capability 
Mask write mode capability 

Bidirectional data transfer cycle between RAM and SAM capability 
Special read transfer cycle capability 
Flash write cycle capability 
3 variations of refresh (8 ms/512 cycles) 

RAS-only refresh 
CAS-before-RAS refresh 
Hidden refresh 

• TTL compatible 

Ordering Information 



Pin Arrangement 



Type No. 



Access Time 



HM538123JP-10 100 ns 400-mil 

HM538123JP-12 120 ns 40-pin 

HM538123JP-15 150 ns Plastic SOJ (CP-40D) 



sec 


1 KJ 40 


[DVssI 


SI/OOC 


2 39 3 81/07 


81/01 C 


3 38 


] 81/06 


81/02 C 


4 37 


3 81/05 


81/03 C 


5 36 


3 81/04 


DT/OEC 


6 35 


DSE 


l/OOC 


7 34 


3 1/07 


1/01 c 


8 33 


3 1/06 


1/02 C 


9 32 


3 1/05 


1/03 C 


10 31 


3 1/04 


VcclC 


11 30 


3Vss2 


WEE 


12 29 


3D8F 


NCC 


13 28 


]NC 


RASC 


14 27 


3CA§ 


NCC 


15 26 


3Q8F 


A8C 


16 25 


3A0 


A6C 


17 24 


3A1 


A5C 


18 23 


3A2 


A4t 


19 22 


3 A3 


Vcc2C 


20 21 ] A7 


(Top View) 



Pin Description 



This document contains information on a new product. Specifications and infomiation 
contained herein are subject to change without notice. 



Pin Name 


Function 


A0-A8 


Address inputs 


I/O0-I/O7 


RAM port data inputs/ 
outputs 


svoo- 

SI/07 


SAM port data inputs/ 
outputs 


RAS 


Row address strobe 


CAS 


Column address strobe 


WE 


Write enable 


DT/OE 


Data transfer/Output 
enable 


SC 


Serial clock 


SB 


SAM port enable 


DSF 


Special function input 
flag 


QSF 


Data register empty 
flag 


Vcc 


Power supply 


Vss 


Ground 


NC 


No connection 
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HM5381 23 Series 



Block Diagram 



RAM 



I DT/OE I 



I/O 



Vn 



=t>t: I 



255 



Mask 
— H Register 



M 



Dout 
Dm 



Memory 
Array 



Row 



^ 



Color 
Register 



511 

DR : Data Register 



iCi3 



— . 
— j 



n 



I Selector K 



</) \ > 



From 

Column Address 
(SAM Start 
Address) 



- TseI 



si/o I 




Pin Function 

RAS (input pin): RAS is a basic RAM signal. It is active 
in low level and standby in high level. Row address and 
signals as shown in table 1 are input at the falling edge 



of RAS. The input level of those signals determine the 
operation cycle of the HM538123. 







Table 1. Operation Cycles of the HM538123 




Input Level at the Falling edge of RAS 




Oneration Cvcle 


CAS 


DT/OE 


WE SE 


DSF 




H 


H 


H X 


L 


RAM read/write 


H 


H 


H X 


H 


Color register set 


H 


H 


L X 


L 


Mask write 


H 


H 


L X 


H 


Flash write 


H 


L 


H X 


L 


Special read initialization 


H 


L 


H X 


H 


Special read transfer 


H 


L 


L H 


X 


Pseudo transfer 


H 


L 


L L 


X 


Write transfer 


L 


X 


X X 


X 


CBR refresh 



Note: x; Don't care. 

GAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output Impedance of 
I/O in RAM. 

A0-A8 (input pins): Row address is determined by 
A0-A8 level at thefalling edge of RAS. Column address 
Is determined by A0-A7 level at the falling edge of 
CAS. In transfer cycles, row address is the address on 
the word line which transfers data with SAM data 



register, and column address is the SAM start address 
after transfer. 

WE (input pin): WE pin has two functions at the falling 
edge of RAS and after. When WE is low at the falling 
edge of RAS, the HM5381 23 turns to mask write mode. 
According to the I/O level at the time, write on each 1/ 
O can be masked. (WE level at the falling edge of RAS 
is don't care in read cycle.) When WE is high at the 
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HM5381 23 Series 



falling edge of RAS, a normal write cycle is executed. 
After that, WE switches read/write cycles as in a 
standard DRAM. In a transfer cycle, the direction of 
transfer is determined by WE level at the falling edge 
of RAS. When WE is low, data is transferred from SAM 
to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is 
read from RAM). 

I/O0-I/O7 (input/output pins): I/O pins function as 
mask data at the falling edge of RAS (in mask write and 
flash write mode). Data is written only on high I/O pins. 
Data on low I/O pins are masked and internal data are 
retained. After that, they function as input/output pins 
as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin functions as DT (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DTis high at the falling edge of RAS, RAM 
and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a serial read 
cycle, data is output from an Sl/O pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an Sl/O pin at the rising edge of SC Is put into the 
SAM data register. 

SE (input pin): SE pin activates SAM. When SE is high, 
Sl/O is in the high impedance state in serial read cycle 
and data on Sl/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 

SI/O0-SI/O7 (Input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output Is determined by 
the previous transfer cycle. When it was a special read 
transfer cycle or special read initialization cycle, Sl/O 
outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, Sl/O inputs data. 

DSF (Input pin): DSF is a special data input flag pin. It 
is set to high when new functions such as color register 
set, special read transfer, and flash write, are used. 

QSF (output pin): The HM538123 has a double buffer 
organization which includes two SAM data registers to 
relax the restriction on timings of DT/OE and SC In real 
time transfer cycle. QSF flag turns high when output 
from one of SAM data registers finished (data register 



empty flag). If the condition is detected and special 
read transfer cycle is executed, data is transferred to 
the empty register. SC (serial clock) and data transfer 
cycle can be set asynchronously because detection of 
the last address in SAM and change of data register 
are executed automatically in the chip. It makes the 
system design flexible. 

Operation Of HM5381 23 

Operation of RAI\ /I Port 

RAI\« Read Cycle (DT/OE high, CAS high, DSF low at 
the falling edge of RAS) 

Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 
OE is low while CAS is low, the selected address data 
is output through I/O pin. At the falling edge of RAS, 
DT/OE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 
Address access time (tAA) and RAS to column address 
delay time (tRAo) specifications are added to enable 
high-speed page mode. 

RMA Write Cycie 

(Early Write, Dela yed Write, Read Modify Write) 

(DT/OE high, CAS high, DSF low at the falling edge of 
RAS) 

• Normal Mode Write Cycle 

(WE high at the falling edge of RAS) 

When CAS and WE are set low after driving RAS 
low, a write cycle is executed and I/O data Is written in 
the selected addresses. When all 8 l/Os are written. 
We should be high at the falling edge of RAS to 
distinguish normal mode from mask write mode. 

If We is set low before the CAS falling edge, this 
cycle becomes an early write cycle and I/O becomes in 
high impedance. Data is entered at the CAS falling 
edge. 

If We is set low afterthe CAS falling edge, this cycle 
becomes a delalyed write cycle. Data is input at the WE 
falling. I/O does not become high impedance in this 
cycle, so data should be entered with OE in high. 

If WE is set low after tcwo (min) and tAwo (min) after 
the CAS falling edge, this cycle becomes a read modify 
write cycle and enables read/write to execute in the 
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same address cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and 
driving OE high. 

• Mask Write Mode 

(WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends 
on I/O level (mask data) at the falling edge of RAS. 
Then the data is written in high I/O pins and masked in 
low ones and internal data is preserved. This mask 
data Is effective during the RAS cycle. So, In high- 
speed page mode cycle, the mask data is preserved 
during the page access. 

High-Speed Page Mode Cycle ( D7/OE high, CAS 
high, DSF low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the 
data of the same row address at high speed by toggling 
CAS while RAS Is low. Its cycle time is one third of the 
random read/write cycle and is higher than the standard 
page mode cycle by 70-80 %. This product is based on 
static column mode, therefore, address access time 
(tAA), RAS to column address delay time (tRAo), and 
access time from CAS precharge (tACP) are added. In 
one RAS cycle, 256-word memory cells of the same 
row address can be accessed. It is necessary to 
specify access frequency within tRAs max (1 jxs). 



Flash Write Function (See figure. 1) 

• Color Register Set Cycle (CAS-DT/OE-WE high, 
DSF high at the falling edge of RAS) 

In color register set cycle, color data is set to the 
internal color register used in flash write cycle. 8 bits of 
internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, 
it preserves the data until reset. The data set is just as 
same as in the usual write cycle except that DSF is set 
high at the falling edge of RAS, and early write and 
delayed write cycle can be executed. In this cycle, 
memory array access is not executed, so it is 
unnecessary to give row and column addresses. 

• Flash Write Cycle (CAS-"DT/0E high.WE low. DSF 
high at the falling edge of RAS) 

In a flash write cycle, a row of data (256 x 8 bit) is 
cleared to or 1 at each I/O according to the data of 
color register mentioned before. It is also possible to 
mask I/O in this cycle. When CAS-DT/OE is set high , 
WE is low, and DSF is high at the falling edge of RAS, 
this cycle starts. Then, the row address to clear is given 
to row address and mask data is to I/O. Mask data is as 
same as that of a RAM write cycle. High I/O is cleared, 
low I/O is not cleared and the internal data is preserved. 
Cycle time is the same as those of RAM read/write 
cycles, so all bits can be cleared in 1/512 of the usual 
cycle time. 
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Set (1/03, 1/02,1/01. 
I/OO)- (1,0, 0,1) into 
color register. 


Execute flash write 
into I/02, 1/03 on row 
address Xi using color 
register. (I/OO, I/01 
are masked.) 


Execute flash write 
into I/OO, 1/01,1/03 
on row address Xi 
using color register. 
(I/02 is masked.) 






(1/04^1/07 are also operated sim 


larly.) 



Figure 1. Use of Flash Write 
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Transfer Operation 

The HM538123 provides the special read 
initialization cycle, special read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 
low at the falling edge of RAS. They have following 
functions: 

(1 ) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Special read initialization cycle, 

Special read transfer cycle: RAM -» SAM 

(b) Write transfer cycle: RAM f- SAM 

(3) Determine input or output of SAM I/O pin (Sl/O) 
Special read initialization cycle: SI/0 output 
Pseudo transfer cycle, 

write transfer cycle: SI/0 input 

(4) Determine first SAM address to access (SAM start 
address) after transferring at column address. When 
SAM start address is not changed, neither CAS nor 
address need to be set because SAM start address 
can be latched internally. 

Special Read Initialization Cycle (CAS high, DT/OE 
low. WE high, DSF low at the falling edge of RAS) 

If CAS is high,"D T/OE is low, WE high, and DSF low 
at the falling edge of RAS, this cycle becomes a special 
read initialization cycle. Special read initialization is 
used (1 ) to start special read transfer operation and (2) 
to switch SAM input/output pin (Sl/O) set in input state 



by pseudo transfer cycle or write transfer cycle, to 
output state. 

If the clock is set as mentioned before, address of 
SAM transfer word line is set to row address and first 
SAM address to access (SAM start address) to column 
address, it becomes possible to execute SAM read 
after tsRo (min) after RAS is high. In this cycle, Sl/O 
outputs uncertain data after the RAS falling edge. So 
when SAM is in input state before executing this cycle, 
it is necessary to stop input before the RAS falling 
edge. 

SAM access is Inhibited while RAS is low In this 
cycle. SC should not be raised during RAS low. 

Special Read Transfer Cycle (CAS high, DT/OE low, 
WE high, DSF high at the falling edge of RAS) 

Ordinary multiport video RAM has some problems; 
(1) severe limitation on timings between processor 
clock DT/OE and CRT clock SC, (2) complicated 
external control circuit to detect SAM last address 
externally and to insert transfer cycle synchronously. 
Special read transfer cycle makes it possible to relax 
the timing limitations and to set serial clock (SC) and 
transfer cycle perfectly synchronously. 

Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two 
data registers (DR). When data is read out from DRO 
serially, special read transfer cycle transfers a row of 
RAM data, which will be read from SAM next, to DR1 . 

The end of data read from DRO is detected internally 
and data register switching circuit automatically 
switches to DR1 output. So data can be output 
continuously. 




DT/OE 



SAM 



Memory 
Array 



■V 



X/////, 



DR : Data Register 



m 



"::^ 



Pointer 



Selector 
Sout(DRO) 



Detect SAM 
Last Address 



Figure 2. Block Diagram for Special Read Transfer 
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Figure 3 shows special read transfer operation 
sequence. QSF flag indicates that reading out from 
data resister has finished (data register empty flag), 
and special read transfer can be executed while QSF 
is high. At first, special read operation starts by executing 
an special read initialization cycle. So QSF becomes 
high, the processor gives row address and SAM start 
address, which is needed next, to the memory, and 
Inserts a special read transfer cycle. Data register 



becomes full after a special read transfer cycle, so 
QSF becomes low during the cycle. When the last 
SAM address is accessed, QSF becomes high and the 
data register, which outputs from the next SAM address, 
changes, and serial access can be executed. 

By executing these handshakes, serial clock and 
transfer cycle can be executed perfectly asynchronous- 
ly, and flexibility of the system design is improved. 



initialization 
cycle 



Multiport 

Video RAM V Special read 

Operation 
Cycle 



QSF 



-^DRO 



VRAM Vspecial read Y RAM Vspecial read V ^^M Read V 

A Read/Write A transfer cycle A Read/Write A transfer cycle A /Write A 



Column address 



Column address 



Y=255 Y=i 1+1 i+2 



Y=255 Y=j 1+1 



m Nmpj\ AA/ 



SI/0 
(Output) 



I 



Output from DRO 



Output from DR1 



Figure 3. Speciai Read Transfer Operation Sequence 



Special read transfer cycle is set by making CAS 
high, DT/OE low, WE high, and DSF high at the falling 
edge of RAS (same as for special read initialization 
cycle except DSF). Like in other transfer cycles, the 
address of the word line to transfer into data register is 
specified by row address and SAM start is specified by 
column address. When the last SAM address data is 
output, the next data is output from the SAM start 
address specified by this RAS cycle. This transfer 
cycle can be executed asynchronously with SAM cycle. 
How ever, it is necessary to execute SAM access after 
RAS becomes high after SAM start address is specified 
by RAS cycle. (See figure. 4.) 

QSF should be high at the falling edge of RAS to 
execute a special read transfer cycle. A cycle whose 
QSF is low is neglected (refresh is executed). When 
the previous transfer cycle is a pseudo transfer or write 
transfer cycle and Sl/O is in input state, special read 



transfer cycle cannot be used (neglected). Special 
read initialization cycle is required to switch Sl/O to 
output state. 

Pseudo Transfer Cycle (CAS high, PT/OE low, WE 
low, and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching SI/ 
O from output state to input state because data in RAM 
isn't rewritten. This cycle starts when CAS is high, DT/ 
OE low, WE low, and SE high, at the falling edge of 
RAS. The output buffer in Sl/O becomes high impedance 
within tsRz (max) from the RAS falling edge. Data 
should be input to Sl/O later than tsio (min)to avoid data 
contention . SAM access becomes enabled after tSRD 
(min) after RAS becomes high, like in the special read 
initialization cycle. In this cycle, SAM access is inhibited 
during RAS low, therefore, SO should not be raised. 
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(Special read 
transfer cycle) 
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xn 



DT/OE 



DSF 



SC 



QSF 
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\u~vi:i 



(Yk) 



A [ 



(Yk + 1) 



tsQD 



4 — ^ 



Row address Xj data 




Figure 4. The Restriction of Speciai Read Transfer 



WriteTransfer Cycie (CAS high, DT/O E low, WE low, 
and SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at 
thef ailing edge of RAS. The column address is specified 
as the first address to serial write after terminating this 
cycle. Also In this cycle, SAM access becomes enabled 
after tsRD (min) aft er RA S becomes high. SAM access 
is inhibited during RAS low. In this period, SC should 
not be raised. 

SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is special read initialization cycle or 
special read transfer cycle. Access is synchronized 
with SC rising, and SAM data is output from SI/0. When 



the last address is accessed at the state of QSF low 
(data register is full), it is signaled to external circuits 
that special read transfer is enabled by making QSF 
high. Next, after SAM access, output data register is 
switched, then the row address data given by previous 
special read transfer cycle is output from the SAM start 
address. If special read transfer isn't performed (QSF 
high), the column address of the same row address 
is accessed after the last address is accessed. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, Sl/O data is programmed Into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, SI/0 data isn't input into data 
register. Internal pointer Is incremented according to 
the SC rising edge, so SE high can be used to mask 
data for SAM. 
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Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 51 2 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses 
every 8 ms. 

RAS-Only Refresh Cycle: RAS-only refresh cycle 
is performed by activating only RAS cycle with CAS 
fixed to high by inputting the row address (= refresh 
address) from external circuits. In this cycle, output is 
high-impedance and power dissipation is less than 



that of normal read/write cycles because CAS internal 
circuits don't operate. To distinguish this cycle from 
data transfer cycle, DT/OE should be high at the falling 
edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits 
because it is Input through an internal refresh counter. 
In this cycle, output is in high impedance and power 
dissipation is lowered like in RAS-only refresh cycles 
because CAS circuits don't operate. 

Hidden Refresh Cycle: Hidden refresh cycle 
performs refresh by reactivating RAS when DT/OE 
and CAS keep low in normal RAM read cycles. 



SAM Refresh 

SAM parts (data register, shift register, selector), 
organized as fully static circuitry, don't require refresh. 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Teiminal voltage*^ 


Vt 


-1.0 to +7,0 


V 


Power supply voltage *^ 


Vcc 


-0.5 to +7.0 


V 


Power dissipation 


Pr 


1.0 


w 


Operating temperature 


Topr 


to +70 


^c 


Storage temperature 


Tstg 


-55 to +125 


"^C 



Note: *1. Relative to Vss. 



Recommended DC Operating Conditions (Ta = to +70X) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage*^ 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage*^ 


Vm 


2.4 


— 


6.5 


V 


Input low voltage*^ 


ViL 


-0.5*^ 


— 


0.8 


V 



Notes: 



All voltages referenced to Vss. 
-3.0 V for pulse width S 10 ns. 
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DC Characteristics (Ta = to +70X, Vcc = 5 V ± 10%, Vss = V) 







HM538123 


HM538123 


HM538123 


Item 


Symbol 


-10 


-12 


-15 Unit 




Min Max 


Min Max 


Min Max 


Operating 


Icci 


— 70 


— 60 


— 50 mA 


current 











Test Conditions 



RAM port 



SAM port 



Icc7 



120 



100 



80 mA 



RAS, CAS 
cycling 
tRC= Min 



SC=ViL,SE = ViH 

SE = ViL,SC cycling 
tscc = Min 



Standby current Icc2 — 



— 7 



mA 



RAS.CAS 

= VlH 



ICC8 



50 



— 40 



30 mA 



SC=ViL,SE = ViH 

SE = ViL,SC cycling 
tscc = Min 



RAS-only Icc3 

refresh current 



60 



50 



40 mA 



ICC9 



no 



90 



70 mA 



RAS cycling 
CAS= Vm 
tRC= Min 



SC=ViL,SE = ViH 

SE = ViL, SC cycling 
tscc = Min 



mode Ice* 



65 



55 



45 mA 



Iccio — 115 



95 



75 mA 



CAS cycling 
RAS = ViL 
tRC= Min 



SC = ViL, SE = Vm 

SE = ViL.SC cycling 
tscc = Min 



CAS -before- Ices 
RAS refresh 
current 



60 



50 — 40 mA 



RAS cycling 
tRC=Min 



Iccii 



110 



90 



70 mA 



SC = ViL, SE = Vm 

SE = ViL,SC cycling 
tscc = Min 




Data Icc6 

transfer 

current Icci2 



90 



90 



90 mA 



125 



125 



125 mA 



RAS, CAS 

cycling 
tRC = Min 



SC = ViL,SE = Vm 

SE = ViL, SC cycling 
tscc = Min 



Input leakage 
current 


Ili 


-10 


10 -10 


10 


-10 10 


^A 




Output leakage 
current 


Ilo 


-10 


10 -10 


10 


-10 10 


^lA 




Output high 
voltage 


VOH 


2.4 


— 2.4 


— 


2.4 — 


V IoH=-2mA 




Output low 
voltage 


Vol 


— 


0.4 — 


0.4 


— 0.4 


V IoL = 4.2 mA 




Capacitance (Ta = : 


25X,Vcc = 


=5 V, f = 1 MHz, Bias: Clock, I/O = 


= Vcc, address = Vss) 




Item 




Symbol 


Min 




Typ 


Max 


Unit 


Address 




Cii 


— 




— 


5 


PF 


Clock 




Cl2 


— 




— 


5 


PF 


I/O, svo 




Ci/o 


— 




— 


7 


PF 
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AC Characteristics ( Ta = to +70''C, Vcc = 5 V ± 10%, Vss = V ) *''*'' 

Test Conditions 

Input rise and fall time : 5 ns 

Output load : See figures 

Input timing reference levels : 0.8 V, 2.4 V 

Output timing reference levels : 0.4 V, 2.4 V 



Output Load (A) 



I OH = -2mA 



Output Load (B) 



loH = -2mA 



+ 5V 



loL = 4 2mA 



I/O 



loL = 4 2mA 



I 



-n 



SI/0 



lOOpF*^ 



'77/ 



T 



<F 



. 50pF" 



777 



Note: *L Including scope «fe jig. 



Common Parameter 



Item 


Symbol 


HM538123-10 
Min Max 


HM538123-12 
Min Max 


HM538123-15 
Min Max 


Unit Note 


Random read or write cycle time tRc 


190 


— 


220 


— 


260 


— 


ns 


RAS precharge time 


tRP 


80 


— 


90 


— 


100 


— 


ns 


RAS pulse width 


tRAS 


100 


10000 


120 


10000 


150 


10000 


ns 


CAS pulse width 


tCAS 


30 


10000 


35 


10000 


40 


10000 


ns 


Row address setup time 


tASR 





— 





— 





— 


ns 


Row address hold time 


tRAH 


15 


— 


15 


— 


20 


— 


ns 


Column address setup time 


tASC 





— 





— 





— 


ns 


Column address hold time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 


RAS to CAS delay time 


tRCD 


25 


70 


25 


85 


30 


110 


ns *'•*' 


RAS hold time 


tRSH 


30 


— 


35 


— 


40 


— 


ns 


CAS hold time 


tCSH 


100 


— 


120 


— 


150 


~ 


ns 


t AS to RAS precharge time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 


Transition time (rise to fall) 


tr 


3 


50 


3 


50 


3 


50 


ns 


Refresh period 


tREF 


— 


8 


— 


8 


— 


8 


ms 


DT to RAS setup time 


tDTS 





— 





— 





— 


ns 


DT to RAS hold time 


tDTH 


15 


— 


15 


— 


20 


— 


ns 


DSF to RAS setup time 


tSFS 





— 





— 





— 


ns 


DSF to RAS hold time 


tSFH 


25 


— 


25 


— 


30 


— 


ns 


Data-in to OE delay time 


tDZO 





— 





— 





— 


ns 


Data-in to CAS delay time 


tDZC 





— 





— 





— 


ns 
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Read Cycle (RAM), Page Mode Read Cycle 



Item 


Symbol 


HM538123-10 
Min Max 


HM538123-12 
Min Max 


HM538123-15 
Min Max 


Unit 


Note 


Access time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


*2.*3 


Access time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


•3.*5 


Access time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


*3 


Address access time 


Ua 


— 


45 


— 


55 


— 


70 


ns 


•3.*6 


Output buffer tum off delay 
referenced to CAS 


tOFFl 





25 





30 





40 


ns 


•7 


Output buffer tum off delay 
referenced to OE 


t0FF2 





25 





30 





40 


ns 


•7 


Read command setup time 


tRCS 





— 





— 





— 


ns 




Read conmiand hold time 


tRQi 





— 





— 





— 


ns 


•12 


Read command hold time 
referenced to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 


•12 


RAS to column address 
delay time 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


•5.^6 


Page mode cycle time 


tPC 


55 


— 


65 


— 


80 


— 


ns 




CAS precharge time 


tCP 


10 


— 


15 


— 


20 


— 


ns 




Access time from CAS precharge 


tACP 


— 


50 


— 


60 


— 


75 


ns 




Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 


Item 


Symbol 


HM538123-10 
Min Max 


HM538123-12 
Min Max 


HM538123-15 
Min Max 


Unit 


Note 


Write command setup time 


twcs 





— 





— 





— 


ns 


•9 


Write command hold time 


tWCH 


25 


— 


25 


— 


30 


— 


ns 




Write command pulse width 


tWP 


15 


— 


20 


— 


25 


— 


ns 




Write command to RAS lead time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write command to CAS lead time 


tCWL 


30 


— 


35 


— 


40 


— 


ns 




Data-in setup time 


tDS 





— 





— 





— 


ns 


•10 


Data-in hold time 


tDH 


25 


— 


25 


— 


30 


— 


ns 


•10 - 


WE to RAS setup time 


tws 





— 





— 





— 


ns 




WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




Mask data to RAS setup time 


tMS 





— 





— 





— 


ns 




Mask data to RAS hold time 


tMH 


15 


— 


15 


— 


20 


— 


ns 




OE hold time referenced to WE 


tOEH 


10 


— 


15 


— 


20 


— 


ns 




Page mode cycle time 


tPC 


55 


— 


65 


— 


80 


— 


ns 




CAS precharge time 


tCP 


10 


— 


15 


— 


20 


— 


ns 
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HM5381 23 Series 



Read-l\/lodify-Write Cycle 



Item 


Symbol 


HM538123-10 
Min Max 


HM538123-12 
Min Max 


HM538 123-15 
Min Max 


Unit 


Note 


Read-modify-write cycle time 


tRWC 


255 


— 


295 


— 


350 


— 


ns 




RAS pulse width 


tRWS 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE delay 


tCWD 


65 


— 


75 


— 


90 


— 


ns 


•9 


Column address to WE delay 


tAWD 


80 


— 


95 


— 


120 


— 


ns 


*9 


OE to data-in delay time 


tODD 


25 


— 


30 


— 


40 


— 


ns 




Access time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


♦2.*3 


Access time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


*3,*5 


Access time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


•3 


Address access time 


UA 


— 


45 


— 


55 


— 


70 


ns 


•3.»6 


RAS to column address delay 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


•5,*6 


Output buffer turn-off delay 
referenced to OE 


t0FF2 





25 





30 





40 


ns 




Read command setup time 


tRCS 





— 





— 





— 


ns 




Write command to RAS lead time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write command to CAS lead time 


tCWL 


30 


— 


35 


— 


40 


— 


ns 




Write command pulse width 


tWP 


15 


— 


20 


— 


25 


— 


ns 




Data-in setup time 


tDS 





— 





— 





— 


ns 


•10 


Data-in hold time 


tDH 


25 


— 


25 


— 


30 


— 


ns 


MO 


WE to RAS setup time 


tws 





— 





— 





— 


ns 




WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




Mask data to RAS setup time 


tMS 





— 





— 





— 


ns 




Mask data to RAS hold time 


tMH 


15 


— 


15 


— 


20 


— 


ns 




OE hold time referenced to WE 


tOEH 


10 


— 


15 


— 


20 


— 


ns 




Refresh Cycle 


Item 


Symbol 


HM538123-10 
Min Max 


HM538123-12 
Min Max 


HM538123-15 
Min Max 


Unit 


Note 


CAS setup time 
(CAS-before-RAS refresh) 


tCSR 


10 


— 


10 


— 


10 


— 


ns 




CAS hold time 
(CAS-before-RAS refresh) 


tCHR 


20 


— 


25 


— 


30 


— 


ns 




RAS precharge to CAS hold time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 
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HM5381 23 Series 



Transfer Cycle 



Item 


Symbol 


HM538123-10 
Min Max 


HM538123-12 
Min Max 


HM538123-15 
Min Max 


Unit 


Note 


WE to RAS setup time 


tws 





— 





— 





— 


ns 




WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




SE to RAS setup time 


tES 





— 





— 





— 


ns 




SE to RAS hold time 


tEH 


15 


— 


15 


— 


20 


— 


ns 




RAS to SC delay time 


tSRD 


25 


— 


30 


— 


35 


— 


ns 




SC to RAS setup time 


tSRS 


30 


— 


40 


— 


45 


— 


ns 




RAS to QSF delay time 


tRQD 


— 


100 


- 


120 


- 


150 


ns 


*4 


RAS to QSF (high) delay time 


tRQH 


— 


TBD 


- 


TBD 


- 


TBD 


ns 




Serial data input delay time 
from RAS 


tSID 


50 


— 


60 


— 


75 


— 


ns 




Serial data input to RAS 
delay time 


tSZR 


— 


10 


- 


10 


- 


10 


ns 




Serial output buffer turn-off 
delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


75 


ns 


•7 


RAS to Sout (Low-Z) delay time tRLZ 


5 


— 


10 


— 


10 


— 


ns 




Serial clock cycle time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access time from SC 


tSCA 


— 


30 


- 


40 


- 


50 


ns 


*4 


Serial data out hold time 


tSOH 


7 


— 


7 


— 


7 


— 


ns 


•4 


SC pulse width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC precharge width 


tSCP 


10 


— 


10 


— 


10 


— 


ns 




Serial data-in setup time 


tsis 





— 





— 





— 


ns 




Serial data-in hold time 


tSIH 


15 


— 


20 


— 


25 


— 


ns 




Serial Read Cycle 


Item 


Symbol 


HM538123-10 
Min Max 


HM538123-12 
Min Max 


HM538123-15 
Min Max 


Unit 


Note 


Serial clock cycle time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access time from SC 


tSCA 


— 


30 


— 


40 


— 


50 


ns 


♦4 


Access time from SE 


tSEA 


— 


25 


— 


30 


— 


40 


ns 


•4 


Serial data-out hold time 


tSOH 


7 


— 


7 


— 


7 


— 


ns 


•4 


SC pulse width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC precharge width 


tSCP 


10 


— 


10 


— 


10 


— 


ns 




Serial output buffer turn-off 
delay from SE 


tSEZ 





25 





25 





30 


ns 


*7 


Last SC to QSF delay time 


tSQD 


— 


TBD 


— 


TBD 


— 


TBD 


ns 


•4 
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HM5381 23 Series 



Serial Write Cycle 



Item 


Symbol 


HM538123-10 
Min Max 


HM538123-12 
Min Max 


HM538123-15 
Min Max 


Unit Note 


Serial clock cycle time 


tscc 


30 


— 


40 


— 


60 


— 


ns 


SC pulse width 


tsc 


10 


— 


10 


— 


10 


— 


ns 


SC precharge width 


tSCP 


10 


— 


10 


-^ 


10 


— 


ns 


Serial data-in setup time 


tsis 





— 





— 





— 


ns 


Serial data-in hold time 


tSIH 


15 


— 


20 


— 


25 


— 


ns 


Serial write enable setup time 


tsws 





— 





— 





— 


ns 


Serial wite enable hold time 


tSWH 


30 


— 


35 


— 


50 


— 


ns 


Serial write disable setup time 


tswis 





— 





— 





— 


ns 


Serial write disable hold time 


tSWIH 


30 


— 


35 


— 


50 


— 


ns 


Flash Write Cycle 


Item 


Symbol 


HM538123-10 
Min Max 


HM538123-12 
Min Max 


HM538123-15 
Min Max 


Unit Note 


Flash write cycle time 


tRCFW 


230 


— 


265 


— 


310 


— 


ns 


RAS pulse width 


tRCSFW 


140 


— 


165 


— 


200 


— 


ns 


WE to RAS setup time 


tws 





— 





— 





— 


ns 


WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 


CAS high level hold time 
referenced to RAS 


tCHHR 


20 


— 


25 


— 


30 


— 


ns 


Mask data to RAS setup time 


tMS 





— 





— 





— 


ns 


Mask data to RAS hold time 


tMH 


15 


— 


15 


— 


20 


— 


ns 



Notes: 



*2. 

*3. 
*4. 
*5. 
♦6. 
*7. 
*8. 



♦10. 
*11. 
♦12. 



AC measurements assume It = 5 ns. 

Assume that tRCD < tRCD (max) and m.AD < irad (max). 

If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

When tRCD > tRCD (max) and tRAD < tRAD (max), access time is specified by tCAC. 

When tRCD <> tRCD (max) and tRAD > tRAD (max), access time is specified by tAA. 

tOFF (max) is defined as the time at which the output achieves the open circuit condition (VoH - 200 mV, Vol + 200 mV). 

Vm (min) and Vil (max) are reference levels for measuring timing of input signals. Transition times are measured between 

Vm and Vil. 

When twcs > twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) condition. 

When tAWD > tAWD (min) and tcwD > tcwD (min), the cycle is a read-modify-write cycle; the data of the selected address is 

read out from a data out pin and input data is written into the selected address. In this case, impedance on I/O pins is controlled 

byOE. 

These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

After power-up, pause for 100 )Js or more and execute at least 8 initialization cycles (normal memory cycles or refresh cycles), 
then start operation. 
If either tRCH or tRRH is satisfied, operaticm is guaranteed. 



484 



Hitachi America, Ltd. • Hitachi Plaza 



HITACHI 

► 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM5381 23 Series 



Timing Waveforms 
Read Cycle 



RAS" 



CS5 



Address yrsy(i])<^^-</ J I / f w j j w / / fL 



^ m//////m 



I/O 
(Output) 



^; 



:/Z3z^\ 



t- 



'^° m/m >r. 



(Input) 



DT/OT 2^ 



tpTH 



)''' 



tCH I 



TUMl 



<^ Valid 



wnnh. imM 



<Il 



DSF 



7^^/////////////////m///////m ^:oo„„ 



Early Write Cycle 



CAS 



>: 



J^C=iZI\ 




Address ^^^^.)€^i^. Xy////////////A 



I/O 
(Output) 



or ^ ' 



DT/OE 
DSF ^^ 






'-'^. ////////////A 



High-Z 



W////////////////S M. 



///////////////////////////. 



Y/A • Don't care. 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM5381 23 Series 



Delayed Write Cycle 



RAS 



Address m Row 



_^ tRCO 



-A 



:h>: 



N: 



Column 



DT/OE 

I/O 
(Input) 



w/ / //m / // // //m 






I/O 



(Output) 



Tt] m/m/////M/M 



High-Z 



X 'SFH 



Y//\ : Don't care. 



Note: *1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 

Read-Modify-Wrlte Cycle 



RAS 

CAS 

Address ' 



\ 






I/O _^ 

(Output) 
DT/OE ^ 




Idzj^^ 



_-_^ ^ I / Valid ^^ 

I ' r I tpzo , ' , t^A^i V Pout t 



'//////////// /< 



-^ ^z^f^//////y/y///////yy///y/^^^^^^ 



t^/;^ : Don't care. 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 



486 



HITACHI 

Hitachi America, Ltd • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM5381 23 Series 



Page Mode Read Cycle 



■RSS 



CAS 



Address 



'\ 



K 



"W 



mB 



||uc 



I/O 
(Output)"" 



'"TTTZlk 



(Input) 

DT/or 



^- 



tsFS tsFH 



"OAC 



thl 



"W 



Valid 
Dout 



tcAH ' ^ASC tcAM 



Uj t«CHJ-L ■♦-L-tRCS tpcHH •' *?" tRCH*^ *""" 



C Valid •*: 
_Dou^r-^ 




Wf^ 



.^LZZV_ 




>77777 



WZZ 



X Valid 

"S f Dout 



;Z^7777 



- 2. y-///////////////////////////////////. 



Y/A ' Don't care 



Page Mode Write Cycle (Early Write) 



RAS" 



^ 



Address /^ Row )( Column 



X. J'Z^\. 



wr /X *i 



I/O 
(Input) . 



I/O 
(Output) 



Ff/or^ 



^ 



j^^)S^^ 



^: 



t^ 



twcs 



.^^. 



.^). 



^ECS^^S^^: 






Valid 
Dm 



:^^m; 



y/////////////////////////////////^ 



fyXrl ■ Don't care 



Note: ♦ 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on 1/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM5381 23 Series 



Page Mode Write Cycle (Delayed Write) 



s. 



CAS 



./ 



:r^N. 



7 



V 



]H^ 



tws I * *|tcwi. •- HtcWL [-•-— »|tcWL 



I/O 
(Input) 



(Output) to, 



#" 



DT/OF^ 
OSP ^ 



•** tMH JPi t *DS toH !££- tnu 



Htgh-Z 



W/////////M 



\ w///////m/////////////////////////////^ 



Y/A '■ Don't care 



Note: * 1. When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 

RAS-Only Refresh Cycle 



RAS 



CAS ^ 



:^^ 



1 



^///////////A 



A^^-s ^(H) //////^^^^^ 



I/O 
(Output) 

I/O 
(Input) 

DT/5E 



DSF 



tsF 






?////////////////////////// /// 



Y//\ : Don't care. 
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HM5381 23 Series 



CAS-Before-RAS Refresh Cycle 



RAS 



CAS 



^. 



tcSR 



^: 



tpAS 



L ISE ^ 

f ' 



/ 



X 



'////////////////////////////////77777W. 

^ m///////////////////////////////////A 

High-Z 



Address 



I/O 
(Output) 



^/^ y//////////////////////////////////////z 
-^ y/////////////////////////////////////A 

Y/A '• Don't care 



Hidden Refresh Cycle 



RAS 



CAS 7^ \ tRAD 



Address VaQ Row 



K 



K 



^mT' 



I/O . 
(Output) 



DT/OE 



I/O 
(Input) 



IDZO 

tpzc 



:s- 



:^P^ 



r 



W///////////////m MA 



jm 



Valid Data Out 



DBF 



^ 



High-Z 



"^//////////////////////m/m. 



: Don't care. 



#1 
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Hl\/I5381 23 Series 



Special Read Initialization Cycle (1)*' '^'^ 



S^ 



SAM Start 
Address 



r 



'IL 



,^^: v////////////mm//mm 



OSF 



DT/OE 



m 



sc J 



SI/0 
(Output) 



^-^//mmmmmm^^^^ 




\ 



Valid 
Sout 



^ Valid 7"" 
-^ Sout ^ 



^^^////////y/^^^^^^^ 



^^//^ .' Don't care 

[><X^ ■ Inhibit rising transient 

I/O : Don't care 



Notes : * 1 . When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, it is specified as special 
read initialization cycle (1). 
♦2. SE is in low level. (When SE is high, SI/0 becomes high impedance state.) 
♦3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

Special Read Initialization Cycle (2) *^'*^ 



CAS 



tASR 

Address ^M' Row 



K 



\ 



yzizzK 



:a 



Kr|o p-^s' W//////)/////////////////////// 



±:. m//////////m////////////////777777/ 



^- m////////////A 



DT/OE ^_ 



SI/0 
(Output)- 



,x 



SI/0 
(Input) A §1" 



^ 



7///////////////y////////////////////////z 



'W mmm . 



-^^^ f^ 



<///////////////////7M -^-':mr/ 



> 



Y/7A • Don't care 
_. I I ,■■■■■■ ['0^ • Inhibit rising transient 

% " W////////////////////////////m//m//, !^Oon.. care 



Notes : * 1 . When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization cycle (2). 
*2. SE is in low level. (When SE is high, SI/0 becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM5381 23 Series 



Special Read Transfer Cycie *^' 



RAS 



CAS 



w. 



WE 3f 



^TrcdZ 



I/O 
(Output) 



tcRP 



'^' SAM Start 
Jfv S^ Address 



tcSH J 



- Mniniiiiiininiiiiiiiiiiiiiiiiiiii. 



High-Z 



clpu.) iiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiJi 



DT/OE 



C: 



\ 



v__r~^_/~ 






SI/0 
(Input) 



QSF tsrs 

DSF 



High-Z 



>]a\ 



'IIIIIIIIIIIIIIIIIIIIIIIWIIIIIIIIII, ^:Don.t 




Notes: *1. ^5?®" Q^^^ ^^ ^°^ ^^^^^ ^^ l!?£ falling edge of RAS, the special read transfer cycle is not performed, 
*2. SEis in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM5381 23 Series - 



Pseudo Transfer Cycle 




a: 



% 



SI/0 
(Input) 

SI/0 
(Output) 

QSF 



''\////m///////)w/ /wmm 



i^. \////////////////}/////////////M 



3 

tsCA 1 



'^^^^^^ ^mM^ ^m^ 



//// Don't care 
Yj^ Inhibit rising transient 
I/O Don't care 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

Write Transfer Cycle 



RAS SZ, 



3l^ 



1 



DT/OE 



%. 



SAM Start 
Address 



" ^llllllllllllllllllllllh 



lllllllllllllHllflllllllllllllHIIIII, 
W^IIIIIIIIIIIIIIIIIJIIIIIIIIIIIIIIIIIIII, 
f '^lllllllllllllllllllllllllllllllllllllll, 



t SISl L- ^ ' ,ts,s 



SI/0 
(Output) 



QSF 



(fr, ^^^ ^///////////////T^p ^i^^^nz™^^ 



High-Z 



^7771 * Don't care 

VyV^ : Inhibit rising transient 



Note: ♦!. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM5381 23 Series 



Serial Read Cycle 



DT/OE 



SC 



SI/0 
(Output) 



iiiniimiimiirnjn iiiimiiiii 



\ 



J 



1 sec 

(n-1)\ 



xzz>: 



\ 



/ '"> \ 



^rn y r c-^" \ r 



rmw.. 



Serial Write Cycle * 



toTS^] 



DT/OT 
SE 
SC 



iiimiiiinminiiih inniinn 



J 



/ 



(Input) 



;^._Jscji:K, tscp .j7^Ur5,u ^scP^ /L. tsc ^iu'"'' tscp y:^ tgc ^[ / 



tsW.HS_ 



z. j5:d<2zz)S3zzzzzzzzzz>: 



fl^ 



Valid 
Sm(r 



smKZ. 



ts.S ts.H 

K/>CI • Don't care 



Notes: *1 . When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address is accessed next to address 255. 
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HM5381 23 Series - 



Serial Read Cycle (Around Address 255 In SAM) 



tscc 



tscc 



" J 


(254) \ 


1 (255) V 

tsCA J 


J 


■ ( 

h 




_y„.,,\ r 




r 1 








SI/0 
(Output) 




; (255) )< 


(i) X^'"^^^ 




. tsQD ^ 


1 


QSF 






-/I 







Note: * 1 . Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle isn't 
executed (QSF remains in high level), address is accessed next to address 255. 

Color Register Set Cycle (Early Write) 



RAS 



CAS 2' 



W ^ 



I/O 



twcs-i 



■m 



1% mmm : 



DT/5E 



DSF 






DTS _ ^tpTH 



J////////M 



m///////////M 



%'//////////////////////////; 



'/////////////////////M i 



Address 



I '•ASR^ I RAH 

w t^—y////////////////////////////A 



Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
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Color Register Set Cycle (Delayed Write) 



RAS 



m 



WE ^ 



m 



I 



twH ^ \lL 



DT/OE ^ 



^ 



DSF 



1^ 



^ 






imnmm 



0^0 '/ni//wiiiii . ^^^^^ ^■.^/m////////m 



tiii/i/////i///i/iiiiTmTm, 



\ 



'/////////////////////mm^ 



iiii/miiiiiiiiiiii uiim 



Y//\ '. Don't care 



Note: *1. The level of address pin is don't care, but cannot be changed in this period. 



Flash Write Cycle 



RAS 



^: 



tR 



"T^ 



t~^\ 



mm//m//////mm 






u 



WE 



ML 



I/O 77 

(Input) 



tw 



ttlH 



: ////////////////////////////////, 



DT/OE 



^ 



WmS-EmMMZZMMMM 






WMMMMMZ2M 



w/M/M/mm/mm. 



Y//\ • Don't care. 
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Preliminary 



262144-Word x 4-Bit l\/lultlport CIVIOS Video RAIVI 

The HM534251 is a 1 -Mbit multiport video RAM equipped witli a 
256-l<word x 4-bit dynamic RAM and a 512-word x 4-bit SAM (serial 
access memory). 

Its RAM and SAM operate independently and asynchronously. It 
can transfer data between RAM and SAM and has a write mask 
function. It is suitable for a graphic processing buffer memory. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 

RAM 256-kword x 4-Bit 

SAM 512-word x 4-Blt 

• Access Time RAM: 100/1 00/1 20/1 50ns (max.) 

SAM: 30/40/40/50ns (max.) 
RAM: 190/190/220/260ns(min.) 
SAM: 30/40/40/60ns (min.) 

• Low Power 

Active RAM: 385mW (max.) 

SAM: 358m W (max.) 
Standby 40mW (max.) 

• High Speed Page Mode Capability 

• Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle Between RAM and 
SAM Capability 

• Real Time Read Transfer Capability 

• 3 V ariatio ns of Refresh (8ms/512 Cycles) 

RAS -Only R efres h 
CAS-Before-RAS Refresh 
Hidden Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 




Pin Arrangement 



Type No. 


Access Time 


Package 


HM534251JP-10 
HM534251JP-11 
HM534251JP-12 
HM534251JP-15 


100ns 
100ns 
120ns 
150ns 


400-mil 28-pin 
Plastic SOJ 
(CP-28D) 


HM534251ZP-10 
HM534251ZP-11 
HM534251ZP-12 
HM534251ZP-15 


100ns 
100ns 
120ns 
150ns 


400-mil 28-pin 

Plastic ZIP 

(ZP-28) 



nM534251JP Scries 



Sl/OOt 

_si/02 

DT/OEc 
l/OOi 
l/01t 
WEt 
_NCt 
RASt 
A8t 
A6i 



27 J SI/03 



3 81/02 
31/03 



23 31/02 



A5t 12 
A4t 13 



'NC 

3CaS 

'NC 
3A0 
'A1 
'A2 
J A3 
1A7 



(Top View) 



1/02 2 

§E 4 

SI/03 6 

SC 8 

S!/01 10 

!/O0 U 

WE 14 

RAS 16 

A6 18 

A4 20 

A7 22 

A2 24 

A0 26 

CaS28 



IIM534251ZP Scries 
1 NC 
3 1/03 
5 SI/02 



7V,s 
9 SI/00 

11 DT/SE 

13 1/01 

15 NC 

17 A8 

19 AS 

21 Vcc 

23 A3 

25 A1 

27 NC 



(Bottom View) 



Pin Description 



This document contains information on a new product. Specifications and inf ormaticMi 
contained herein are subject to change without notice. 



Pin Name 


Function 


A0-A8 


Address inputs 


I/O0-I/O3 


RAM port data inputs/ 
outputs 


Sl/OO- 
SI/03 


SAM port data inputs/ 
outputs 


RAS 


Row address strobe 


CAS 


Colunm address strobe 


WE 


Write enable 


DT/OE 


Data transfer/Output 
enable 


SC 


Serial clock 


■SF 


SAM port enable 


Vcc 


Power supply 


Vss 


Ground 


NC 


No connection 
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Block Diagram 



RAM 



SAM 



DT/OE 



I/O r 



:7^ 



Dout 



Memory 
Array 



"7^ 



From 

Column Address 

(SAM Start Address) 



U Mask 
Register 



^i/o1 




Pin Function 

RAS (input pin): RAS is a basic RAM signal. It is active 
in low level and standby in high level. Row address and 
signals as shown in table 1 are input at the falling edge 



of RAS. The input level of those signals determine the 
operation cycle of the HM534251. 







Table 1 


. Operation Cycles of tiie HiVi534251 




Input level at the 


falling edge of RAS 






CAS 


DT/OE 




WE 


SE 




H 


H 




H 


X 


RAM read/write 


H 


H 




L 


X 


Mask write 


H 


L 




H 


X 


Read transfer 


H 


L 




L 


H 


Pseudo transfer 


H 


L 




L 


L 


Write transfer 


L 


X 




X 


X 


CBR refresh 



Note: x; Don't care. 



CAS (Input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 
I/O in RAM. 



A0-A8 (Input pins): Row address is determined by 
A0-A8 level at the falling edge of RAS. Column address 
Is determined by A0-A8 level at the falling edge of 
CAS. In transfer cycles, row address is the address on 
the word line which transfers data with SAM data 
register, and column address is the SAM start address 
after transfer. 



WE (input pin): WE pin has two functions at the falling 
edge of RAS and after. When WE is low at the falling 
edge of RAS, the HM534251 turns to mask write mode. 
According to the I/O level at the time, write on e ach I /O 
can be masked. (WE level at the falling edge of RAS is 
don't care in read cycle.) When WE is high at the falling 
edge of RAS, a normal write cycle is executed. After 
that, WE switches read/write cycles as In a standard 
DRAM. In a transfer cycle, the direction of tran sfer is 
determined by WE level at the falling edge of RAS. 
When WE is low, data is transferred f rom S AM to RAM 
(data is written into RAM), and when WE is high, data 
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is transferred from RAM to SAM (data is read from 
RAM). 

I/O0-I/O3 (input/output pins): I/O pins function as 
mask data at the falling edge of RAS (in mask write 
mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. 
After that, they function as Input/output pins as those 
of a standard DRAM. 

DT/OE (input pin): DT/OE pin functions as DT (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin a fter that. When DT is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DTis high at the falling edge of RAS, RAM 
and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a serial read 
cycle, data is output from an SI/0 pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an SI/0 pin at the rising edge of SC is put into the 
SAM data register. 

SE (input pin):^pin activates SAM. When^is high, 
SI/0 is in the high impedance state in serial read cycle 
and data on Sl/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 

SI/O0-SI/O3 (input/output pins) : Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by 
the previous transfer cycle. When it was a read transfer 
cycle, Sl/O outputs data. When it was a pseudo 
transfer cycle or write transfer cycle, Sl/O inputs data. 

Operation of HM534251 

Operation of RAI\^ Port 
RAM Read Cycie 

(DT/OE high, CAS high, at the falling edge of RAS) 

Row address is entered at the RAS falling edge and 
column address at the CAS failing edge to the device 
as i n standard DRAM . Then, when WE Is high and DT/ 
OE is low while CAS is low, the selected address data 
is output through I/O pin. At the falling edge of RAS, 
DT/OE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 
Address access time (tAA) and BASto column address 
delay time (tRAo) specifications are added to enable 
high-speed page mode. 



RAM Write Cycle 

(Eariy Write, Delayed Write, Read-Modify- Write ) 

(DT/OE high, CAS high at the falling edge of RAS) 

• Normal Mode Write Cycle 

(WE high at the falling edge of RAS) 

When CAS and WE are set low after RAS is set low, 
a write cycle is executed and I/O data is written at the 
selected addresses. When all 4 l/Os are written, WE 
should be high at the falling edge of RAS to distinguish 
normal mode from mask write mode. 

If WE is set low before the CAS falling edge, this 
cycle becomes an early write cycle and I/O becomes 
high impedance. Data is entered at the CAS falling 
edge. 

If WE is set low after the CAS falling edge, this cycle 
becomes a delayed write cycle. Data is input at the WE 
falling edge. I/O does not become high impedance in 
this cycle, so data should be entered with OE In high. 

If WE is set low after tcwo (min) and tAwo (min) after 
the CAS falling edge, this cycle becomes a read- 
modify-write cycle and enables write after read to 
execute in the same address cycle. In this cycle also, 
to avoid I/O contention, data should be input after 
reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of 



RAS) 

If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends 
on I/O level (mask data) at the falling edge of RAS. 
Then the data is written in high I/O pins and masked in 
low ones and internal data is preserved. This mask 
data is effective during the RAS cycle. So, in high- 
speed page mode cycle, the mask data is preserved 
during the page access. 

High-Speed Page Mode Cycle 

(DT/OE high, CAS high at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the 
random read/write cycle and is higherthan the standard 
page mode cycle by 70-80%. This product is based on 
static column mode, therefore, address access time 
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(tAA), RAS to column address delay time (tRAo), and (4) Determine first SAM address to access (SAM start 

access time from CAS precharge (tACP) are added. In one address) aftertransferringatcolumn address. When 

RAS cycle, 512-word memory cells of the same row SAM start address is not changed, neither CAS nor 

address can be accessed. It is necessary to specify address need to be set because SAM start address 

access frequency within tRAs max (1 jis). can be latched internally. 



Transfer Operation 

The HM534251 provides the read transfer cycle, 
pseudo transfer cycle, and write transfer cycle as data 
transfercycles. These transfer cycles are set by driving 
DT/OE low at the falling edge of RAS. 

They have followirlg functions: 

(1 ) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM -^ SAM 

(b) Write transfer cycle: RAM <- SAM 

(3) Determine input or output of SAM I/O pin (Sl/O) 
Read transfer cycle: SI/0 output 
Pseudo transfer cycle, 

write transfer cycle: Sl/O input 



Read Transfer Cycl e (CA S high, DT/OE low, WE high 
at the falling edge of RAS) 

This cycle becomes read transfer cycle by setting 
DT/OE low and WE high at the falling edge of RAS. The 
row address data (512x4 bit) determined by this cycle 
Is transferred synchronousl y at the rising edge of DT/ 
OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by 
column address. 

This cycle can execute SAM access serially even 
during transfer (real time read transfer). In this case, 
the timing tsDD(min) is specified between the last SAM 
access before transfer and DT/OE rising edge, and 
tsDH(min) between the first SAM access and DT/OE 
rising edge (see figure 1). 
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1 X' A !! K 



DT/OE 



SC 



SI/0 




Figure 1. Real Time Read Transfer 



If read transfer cycle is executed, Sl/O becomes 
output state. When the previous transfer cycle is either 
pseudo transfer cycle or write transfer cycle and SI/0 
is in input state, uncertain data outputs after tRiz (min) 
afterthe RAS falling edge. Before that, input should be 
set high impedance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, D T/OE low, WE 
low, and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching 
SI/0 from output state to input state because data in 
RAM isn't rewritten. This cycle starts when CAS is 
high, DT/OE low, WE low, and SE high, at the falling 
edge of RAS. The output buffer in Sl/O becomes high 
impedance within tsRz (max) from the RAS falling 
edge. Data should be input to Sl/O later than tsio (min) 
to avoid data contention. SAM access becomes enabled 
after tsRo (min) after RAS becomes high. In this cycle, 
SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 



Write Transfer Cycle (CAS high , DT/O E low, WE low, 
and SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at 
the falling edge of RAS. The column address is specified 
as the first address to serial write after terminating this 
cycle. Also in this cycle, SAM access becomes enabled 
after tsRD (min) after RAS becomes high. SAM access is 
inhibited during RAS low. In this period, SC should not 
be raised. 

SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output 
from Sl/O. If SE is set high Sl/O becomes high impedance 
and internal pointer is incremented at the SC rising 
edge. 
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Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, Sl/O data is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, Sl/O data isn't input into data 
resister. Internal pointer is incremented according to 
the SC rising edge, so SE high can mask data for SAM. 



RAS-Only Refresh Cycle: RAS-only refresh cycle is 
performed by activating only RAS cycle with CAS fixed 
to high by inputting the row address (= refresh address) 
from external circuits. In this cycle, output is high- 
impedance and power dissipation is less than that of 
normal read/write cycles because CAS internal circuits 
don't operate. To distinguish this cycle from datatransfer 
cycle, DT/OE should be high at the falling edge of RAS. 



Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 51 2 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle Is required for accessing all row addresses 
every 8 ms. 



CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh address 
need not to be input through external circuits because 
it is input through an internal refresh counter. In this 
cycle, output is In high Impedance and power dissipation 
is lowered like in RAS-only refresh cycles because 
CAS circuits don't operate. 

Hidden Refresh Cycle: Hidden refresh cycle performs 
refresh by reactivating RAS when DT/OE and CAS 
keep low in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), 
organized as fully static circuitry, don't require refresh. 




Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Terminal voltage*^ 


Vt 


-1.0 to +7.0 


V 


Power supply voltage *^ 


Vcc 


-0.5 to +7.0 


V 


Power dissipation 


Pt 


1.0 


w 


Operating temperature 


Topr 


to +70 


°c 


Storage temperature 


Tstg 


-55 to +125 


°c 



Note: *1. Relative to Vss. 



Recommended DC Operating Conditions (Ta = to +70X) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage*^ 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage ' ^ 


VlH 


2.4 


- 


6.5 


V 


Input low voltage * ^ 


VlL 


-0.5*^ 


- 


0.8 


V 



Notes: *1. All voltages referenced to Vss. 
*2. -3.0 V for pulse width < 10 ns. 
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■ DC CHARACTERISTICS (\ 


= to 70°C, Vcc = 5V ± 


10%, 


Vss 


= 0V] 
















Item 


Symbol 


Test Conditions 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Notes 


RAM Port 


SAM Port 


Min. 


Max. 


Min. 


Max.- 


Min. 


Max. 


Min. 


Max. 


Operating 


Icci 


RAS, CAS Cycling 
tRC = Min. 


SE = V,H, SC = V,L 


- 


70 


- 


70 


- 


60 


- 


55 


mA 


1,2 


Current 


ICC7 


SE = VjL, SC Cycling tg^c = Min. 


- 


120 


- 


120 


- 


100 


- 


85 


mA 


Standby 


ICC2 


RAS, CAS = V,H 


SE = V,H, SC = V,L 


- 


7 


- 


7 


- 


7 


- 


7 


mA 




Current 


ICC8 


SE = V,L, SC Cycling tgcc = Min. 


- 


65 


- 


55 


- 


55 


- 


40 


mA 




RAS-Only 

Refresh 

Current 


ICC3 


RAS Cycling 
CAS = V,H 
tRC = M>n- 


SE = V,H,SC = V,L 


- 


70 


- 


70 


- 


60 


- 


55 


mA 


2 


ICC9 


SE = VjL, SC Cycling tgcc = Mm. 


- 


120 


- 


120 


- 


100 


- 


85 


mA 


Page Mode 


ICC4 


CAS Cycling 
RAS = V,L 
tRC = Mm. 


SE = V,H,SC = V,L 


- 


80 


- 


80 


- 


70 


- 


60 


mA 


1,3 


Current 


Ice 10 


SE = V|L, SC Cycling I^qq = Min. 


- 


130 


- 


130 


- 


110 


- 


90 


mA 


CAS-Before- 
RAS Refresh 
Current 


ICC5 


RAS Cycling 
tRC = Mm. 


SE = V,H, SC = V,L 


- 


60 


- 


60 


- 


50 


- 


40 


mA 




^CCll 


SE = VjL, SC Cycling tscc = Min. 


- 


110 


- 


110 


- 


90 


- 


70 


mA 




Data 

Transfer 

Current 


ICC6 


RAS, CAS 
Cycling tRC = Min 


SE = V,H,SC = V,L 


- 


95 


- 


95 


- 


90 


- 


85 


mA 


2 


ICC12 


SE = VjL, SC Cycling tgcc = Mm. 


- 


135 


- 


135 


- 


125 


- 


115 


mA 


Input 

Leakage 

Current 


Ili 




-10 


10 


-10 


10 


-10 


10 


-10 


10 


liA 




Output 

Leakage 

Current 


Ilo 




-10 


10 


-10 


10 


-10 


10 


-10 


10 


/iA 




Output High 
Voltage 


VoH 


Iqh = -2mA 


24 


- 


24 


- 


2.4 


- 


24 


- 


V 




Output Low 
Voltage 


Vol 


loL = 4.2mA 


- 


0.4 


- 


0.4 


-- 


0.4 


- 


0.4 


V 





NOTES: 1 . Ice depends on output loading condition when the device 

2. Address can be changed less than three times while RAS 

3. Address can be changed once or less while CAS = Vjh. 



is selected. Ice max. is specified at the output open condition. 

= ViL. 



Capacitance (Ta = 25°C, Vcc= 5 V, f = IMHz, Bias: Clock, I/O = Vcc, address = Vss) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cii 


— 


— 


5 


pF 


Clock 


Cl2 


— 


— 


5 


pF 


I/O, svo 


Cvo 


— 


— 


7 


pF 
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AC Characteristics ( Ta = to 70°C, Vcc = 5 V ± 10%, Vss = V ) *'- *'' 

Test Conditions 

Input rise and fall time: 5 ns 

Output load: See figures 

Input timing reference levels: 0.8 V, 2.4 V 

Output timing reference levels: 0.4 V, 2.4 V 



Output Load (A) 



I OH = — 2mA 



loL=4.2mA 



I/O 



lOOpF*' 



'/7T 




Output Load (B) 



I OH = — 2mA 



loL=4.2mA 



SI/0 



T 



777 




50pF*» 




Note: '*'l. Including scope & jig. 



• Common Parameter 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or 
Write Cycle Time 


tRC 


190 


- 


190 


- 


220 


- 


260 


- 


ns 




RAS Precharge Time 


tRP 


80 


— 


80 


— 


90 


— 


100 


— 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


30 


10000 


35 


10000 


40 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


20 


— 


25 


~ 


ns 




RAS to CAS Delay Time 


tRCD 


25 


70 


25 


70 


25 


85 


30 


110 


ns 


5,6 


RAS Hold Time 


tRSH 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




CAS Hold Time 


tcSH 


100 


— 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


8 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


tOTS 





— 





— 





— 





— 


ns 




DT to RAS Hold Time 


tDTH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Data-in to OE Delay Time 


tozo 





— 





— 





— 





— 


ns 




Data-in to CAS Delay Time 


tDZC 





— 





— 





— 





— 


ns 
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• Read Cycle (RAM), Page Mode Read Cycle 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From RAS 


tRAC 


— 


100 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time From CAS 


tCAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time From OE 


toAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


tAA 


— 


45 


— 


45 


— 


55 


— 


70 


ns 


3,6 


Output Buffer Turn Off Delay 
Referenced to CAS 


toFFl 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Output Buffer lurn Off Delay 
Referenced to OE 


toFF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 





— 





— 


ns 


12 


Read Command Hold Time 
Referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


12 


RAS to Column Address 
Delay Time 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


20 


— 


ns 




Access Time From CAS 
Precharge 


Ucp 


- 


50 


- 


50 


- 


60 


- 


75 


ns 





• Write Cycle (RAM), Page Mode Write Cycle 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


9 


Write Command Hold Time 


twcH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS 
Lead Time 


tRWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command to CAS 
Lead Time 


tcWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 





— 


ns 


10 


Data-in Hold Time 


tDH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


%S 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


twH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced 
to WE 


tOEH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


- 


10 


■ 


15 


— 


20 


— 


ns 
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HM534251 Series 



• Read-Modify-Write Cycle 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Modify Write Cycle Time 


tRWC 


255 


— 


255 


— 


295 


— 


350 


— 


ns 




RAS Pulse Width 


tRWS 


165 


10000 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE Delay 


tcwD 


65 


— 


65 


— 


75 


— 


90 


— 


ns 


9 


Column Address to WE Delay 


UwD 


80 


— 


80 


— 


95 


— 


120 


— 


ns 


9 


OE to Data-in Delay Time 


k)DD 


25 


— 


25 


— 


30 


— 


40 


— 


ns 




Access Time From RAS 


tRAC 


— 


100 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time From CAS 


tcAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time From OE 


k)AC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


tAA 


— 


45 


— 


45 


— 


55 


— 


70 


ns 


3,6 


RAS to Column Address Delay 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Output Buffer Turn-Off 
Delay Referenced to OE 


tOFF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Write Command to RAS 
Lead Time 


tRWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command to CAS 
Lead Time 


k:wL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 





— 


ns 


10 


Data-in Hold Time 


^DH 


25 


— 


25 


— 


■ 25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced 
to WE 


toEH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 





• Refresh Cycle 
























Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time 
(CAS-Before-RAS Refresh) 


tcsR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS-Before-RAS Refresh) 


tCHR 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS 
Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


ns 
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HM534251 Series 
• Transfer Cycle 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


twH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




SE to RAS Setup Time 


tES 





— 





— 





— 





— 


ns 




SE to RAS Hold Time 


tEH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




RAS to SC Delay Time 


tsRD 


25 


— 


30 


— 


30 


— 


35 


— 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


40 


— 


40 


— 


45 


— 


ns 




DT Hold Time From RAS 


tRDH 


80 


— 


90 


— 


90 


— 


110 


— 


ns 




DT Hold Time From CAS 


tCDH 


20 


— 


30 


— 


30 


— 


45 


— 


ns 




Last SC to DT Delay Time 


tSDD 


5 


— 


5 


— 


5 


— 


10 


— 


ns 




First SC to DT Hold Time 


tSDH 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




DT to RAS Lead Time 


^DTL 


50 


— 


50 


— 


50 


— 


50 


— 


ns 




DT Hold Time Referenced 
to RAS High 


^DTHH 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




DT Precharge Time 


^DTP 


30 


— 


35 


— 


35 


— 


40 


— 


ns 




Serial Data Input Delay 
Time from RAS 


tsiD 


50 


- 


60 


- 


60 


- 


75 


- 


ns 




Serial Data Input to 
RAS Delay Time 


tsZR 


- 


10 


- 


10 


- 


10 


- 


10 


ns 




Serial Output Buffer Turn-Off 
Delay From RAS 


^SRZ 


10 


50 


10 


60 


10 


60 


10 


75 


ns 


7 


RAS to Sout (Low-Z) 
Delay Time 


tRLZ 


5 


- 


10 


- 


10 


- 


10 


- 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




Serial Clock Cycle Time 


tsCC2 


40 


— 


40 


— 


40 


— 


60 


— 


ns 


13 


Access Time From SC 


tsCA 


— 


30 


— 


40 


— 


40 


— 


50 


ns 


4 


Serial Data Out Hold Time 


tsOH 


7 


— 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tsiH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 





• Serial Read Cycle 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




Access Time From SC 


tscA 


— 


30 


— 


40 


— 


40 


— 


50 


ns 


4 


Access Time From SE 


tSEA 


— 


25 


— 


30 


— 


30 


— 


40 


ns 


4 


Serial Data-Out Hold Time 


tsOH 


7 


— 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial OutputBuffer Turn-Off 
Delay From SE 


tsEZ 


- 


25 


- 


25 


- 


25 


- 


30 


ns 


7 
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HM534251 Series 



• Serial Write Cycle 
























Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tsiH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Serial Write Enable 
Setup Time 


tsws 





- 





- 





- 





- 


ns 




Serial Write Enable Hold Time 


tsWH 


30 


— 


35 


— 


35 


— 


50 


— 


ns 




Serial Write Disable 
Setup Time 


tswis 





- 





- 





- 





- 


ns 




Serial Write Disable 
Hold Time 


tsWIH 


30 


- 


35 


- 


35 


- 


50 


- 


ns 





Notes: ♦!. AC measuranents assume rr = 5 ns. 

*2. Assume that tRCD < tRCD (max) and tRAD ^ tRAD (max). 

If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC exceeds the value shown. 
*3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
♦4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
*5. When IRCD > tRCD (max) and tRAD < tRAD (max), access time is specified by tCAC. 
♦6. When tRCD ^ tRCD (max) and irad > tRAD (max), access time is specified by tAA. 

*7. tOFF (max) is defined as the time at which the output achieves the open circuit condition (VoH - 2 00 m V, Vol + 200 m V). 
*8. VlH (min) and Vil (max) are reference levels for measuring timing of input signals. Transition times are measured between 

Vw and Vel. 
*9. When twcs > twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. 

When tAWD > tAWD (min) and tcWD > tcWD (min), the cycle is a read-modify-write cycle; the data of the selected address 

is read out from a da ta output pin and input data is written into the selected address. In this case, impedance on I/O pins 

is controlled by OE. 

* 1 0. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 

modify-write cycles. 
♦11. After power-up, pause for 100 ps or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

* 12. If either tRCH or tRRH is satisfied, operation is guaranteed. 

*13. tscc2 is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 
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HM534251 Series 



Timing Waveforms 
Read Cycle 



RA5 



CAS 



2xP 



Address /XI Row 



:>^< 



^: 



:^:=:i-j\ 



WE 



I/O 
(Output) 



'^° wmm^. 



(Input) 



y 



W//////////7/7///////f. 



< 



^-^W mMh^ 



Z ^//a '■ Don't care 



Early Write Cycle 



RSf 



^S5 



Address '/^ Row 



K 



:m<: 



: 4r~^^ \ 



Ndzzz^/r 



^ ^C3^ 



I/O 
(Input) 



^: 



I/O 
(Output) 



"UT/or 



^ 



: /////////////M 



:m<zw:x^ M////////M 



High-Z 



^////////////////////m/m/, 

Y//}, '- Don't care. 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem oiy c ell. When WE is low level, the data on I/Os are 
nm written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 



Delayed Write Cycle 



w§ 



CAS 



Address 



¥r 



"DT/Or 






\ 



l-r^^v 



■< r^^=^mmTwiiiiiiiiiiiiiii 



■ JIIIIIIIIIIIIIIIL 



\ MlllilllliilllllllllllW 



, «, Tf^'-^^n m '•'""'• "iiiiiiiiiiiiirnTi, 



I/O 
(Output) ' 



High-Z 



Note: *1. When WE is high level, aU the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os arc 
not written except for the case that the I/O is high at the falling edge of RAS. 

Read-Modlfy-Wrlte Cycle 



RAS 



CAS 



^ 




:7v 



;kx: 






I/O 
(Input) 



I/O 
(Output) " 



3^ 



"DT/GT 




iF^ 



wmnnmmm 



tAA } ^ 



mhj 





^s-^^////////!// 



Valid 
Dout 



/ 



'//////////// 



Y//)\ '• Don't care, 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 



Page Mode Read Cycle 



N. 



CAS 



WF 



mm. 



I/O . 
(Output) 



(Input) ///// ^ 



DT/cjr ^ 



< 



;\ 



I [-"-tRCS tRCH*4 -I |* | t«C5 -»tRCH -"tRCS ^ tRCH '*^ *"" 



Dout 



<S)- 



m. 



tRSH- 
CAS 



NI^/ 



5i:v 



;" Valid ^v. 
^ ^ Dout / 



u> 



toTS toTH*^ ll"**' toFF2 toZO I *OAC toFF2 toZO I 



^zs 



< 



Dout 



.^^^7777 



I Don't care. 



Page Mode Write Cycle (Early Write) 



RAS 



CAS 



V 



if^V 



tRCD . ^ tcAS 



T^. 



^ tcp 



WE 



I/O 



:input) Ja^_V-^-^ 



(Output) X t 

*^ ' IDTS toTH 



DT> 



twP 
tosT I toH 



x^_.^ 



^,...7)( 7iry;;:;?y/////^ j ^ ij y////_) |:;:;;j y 






Valid 
Din 



I^^C 



; n I tc, 

tcAS H 



.!^. 



Valid 
Din 



'mm. 



■ frmTT, 



Valid 
Din 



wmu. 



High-Z 



■«r // v/i//////ii///ii////i/ni/i//////iii, 

Y//\ • Don't care. 



Note: * 1 . When WE is high level, aU the data on I/Os can be written into the mem oiy ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 



Page Mode Write Cycle (Delayed Write) 



im 



CSS 



A 



twCD _.^ tcAS 



WE 



/TlD^Ilf 



twS twH h* H ^C*"- I"" H *CWL )-« m4 tcwL I 






Asc ta 



I/O 
(Inpul 



I/O 



(Output) ^^ 



^f^¥7Z^, ,/77774- .^777;\ •" ////////// 



:, 7:^'j!zmMmzmEmmi.mzzzzzzzz 



High-Z 



DT/or 



K/^ • Don't care. 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 

RAS-Only Refresh Cycle 



RAS 



X 



CAS 7 



^: 



^ 



V 



y/ii/mi 



Row 



'4. 



I/O 
(Output) 



I/O 
(Input) 



DT/5E 



zT 



\ ii////i////ii/iiii/i/iii 



^iii/iiii/iiminniHi 

toTH 



Y/A '■ Don't care. 
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HM534251 Series 



CAS-Before-RAS Refresh Cycle 



RAS 



CAS 



I/O 
(Output) 

DT/0€ 



/ % 



^. 



7^ 



_7- 



V 



- ^//////////////////////////. 



c v///////////////////////: 



High-Z 



/ 



\yX\ • Don't care. 



Hidden Refresh Cycle 



\' 



CAS 




^ 



tRAD 
tRAH 



Row 



X 



WE 



I/O . 
(Output) 



DT/or 



^ 



(Input) / A ^ 



:t 



7=::^ 



W//////////////77777, 



m 



■<^ 



Valid Data Out 



V 



High-Z 



: Don't care. 
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HM534251 Series 



Read Transfer Cycle (1)*^ * 



w§ 



Address 7J "" 



r^ 



^ Ju. 



' Miiiiiivjiiijiiii m 



J^ /iitiiiiiiiii n^ 



Tfimi. 



(Input) 



T5T/0r 



i/n//m/m//i/jn/n//////n7TrTTT, 



t. 



SI/0 
(Output) . 



^CTzzz; 



::s3t±!:f^L_:^~\__r~\ 

tlOH ^ 1 J 



SI/0 
(Input) 



I ' t te* Previous Row 1 I — New Row 



High-Z 



\y/A ' Don't care 



Notes: *1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SI/0 becomes high impedance.) 



Read Transfer Cycle (2)*^ ^ 





^ ni 


•"• ; 






- — ^^ — J 


— z^-^ 


L!a^ 


^ 


^ t„. 


1 




■t 




r* 


t«.H 


,t„e 


m *"•« • 


1 






.\ 


•I 






Address JjT 


h 


i ■ SAM Start " 
I . Address 


(//////// 


///// 


//////// 


T 


^ 1 •'•" 1 






^ ^ 


.4 


iiiiiiiiiiiiiininmmnii 








High-Z 




ton 




I/O 










(Output) 




, 1^ H 







(Input) 



15T/0r 



X 



Sl/O 
(Output) 



SI/0 y"^ 

(Input) /It. 



mmnz 



i^^^^m 







^2zzzzzzzz^:sG5 



K/X/l : Don't care 

VXA '• Inhibit rising transient 



Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM534251 Series 



Pseudo Transfer Cycle 



"RAS 
CAS 

Address 
WE 



£ 



K 



m/oE 7\ 



SI/0 
(Input) 

SI/0 
(Output) 



:o: 



i 



7 



■V. 



: ^iiiiiiiliiiiiiiniTTm 



^iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 



■ (iiiiiiiiiiiiiniiiiiiiiiiiiiiiii 



r^V2 (iiiiiiiiiiiiJniiiiiiiiiiiiJ iL 






T: dllJllllllll t 



^ 



:^zzzzx: 



^^ 



///I : Don't care 
XXl • Inhibit rising transient 
I/O : Don't care 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

Write Transfer Cycie 



w& 



CSS" 



Address ' n^ Row 



WE 



■DT/OT 



?E 



SI/0 
(Input) 

SI/0 
(Output) 



W- 



\ 



^ ^imiifiiiiiiiiiiiiiiiii 



z I-llllllllllllltlllllllllllllli mEL 



imiiimiiiniiiiiiiiiiiiiiiiiiiii 



L_J L- tscc u 



^£j^SE^zm4== 



-^ f 



^CZZZZZZZZZZZxp^fZZZZZZK 



High-Z 



: Don't care 

: Inhibit rising transient 



Note: *1. CAS and SAM start address dcm't need to be specified every Qrcle, if SAM start address is not changed. 

<^ HITACHI 

51 4 Hitachi America, Ltd. • Hitachi Piaza • 2000 Sierra Point Pl(wy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM534251 Series 



Serial Read Cycle 



"rs^ 



w iiniiiniiiiiTTTTTTTn vinnniK 



j^ J 



SE 






/ 






M 














M 


cc- 
tsc 




tscc 


^« 


J 


r 


sc ^ 


(n-1) 






(n + 1)^ 

, tsE* 


SC 


i ("«) v 




-f-M 






M-M 


-4^ 


^ 


<///> 




Sl/U SJ//J 


'\ 


" Valid ^ 
. Sout , 


s 


T 


VaM ■ 
Sout . 


• Valid 


f Output^ A / / // 




. tscA 1 






, tsCA 


— 


(n-1 


r:J 






--1 


(n + 1) 


U- 




(n+2) 



: Don't care. 



Serial Write Cycle 



Ws 



^'^ II nil I III /III 1 11/ 1 11 ^ iiiiiiiiiiL 



-r . tpTH J / 

toTs^: :' 



SE 



SC 



I :^ 

.( tsWIS tswiH V 



-• — tsws »■ 



n^^V ^ ^n-n'|>[^^^| fn^ ly ^ (n + D |\ / 

tsis-^ M * — i^ U*] k -I 



tsiS tsiH 

K^ : Don't care 



Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address is accessed next to address 511. 
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— Preliminary 



262144-Word x 4-Bit Multiport CiVIOS Video RAiVl 

The HM534252 Is a 1 -Mbit multiport video RAM equipped with a 
256-kword x 4-blt dynamic RAM and a 51 2-word x 4-bit SAM (serial 
access memory). 

Its RAM and SAM operate Independently and asynchronously. It 
can transfer data between RAM and SAM and has a write mask 
function. 

It also provides logic operation mode to simplify Its operation. In 
this mode, logic operation between memory data and input data can 
be executed by using Internal logic-arithmetic unit. 

Features 

• Multiport organization 

Asynchronous and simultaneous operation of RAM and SAM 

capability 

RAM: 256-kword x 4-bit and SAM: 512-word x 4-bit 

• Access time RAM: 100 ns/100 ns/120 ns/150 ns nfiax 

SAM: 30 ns/40 ns/40 ns/50 ns max 

• Cycle time RAM: 190 ns/190 ns/220 ns/260 ns max 

SAM: 30 ns/40 ns/40 ns/60 ns max 

• Low power 

Active RAM: 385 mW max 

SAM: 358 mW max 

Standby 40 mW max 

High-speed page mode capability 
Logic operation mode capability 

2 types of mask write mode capability 
Bidirectional datatransfer cycle between RAM and SAM capability 
Real time read transfer capability 

3 variations of refresh (8 ms/51 2 cycles) 
RAS-only refresh 
CAS-before-RAS refresh 

Hidden refresh 

• TTL compatible 

Ordering Information 



Type No. 


Access Time 


Package 


HM534252JP-10 


100 ns 


400-mil 


HM534252JP-11 


100 ns 




HM534252JP-12 


120 ns 


28-pin 


HM534252JP-15 


150 ns 


Plastic SOJ (CP-28D) 


HM534252ZP-10 


100 ns 


400-mil 


HM534252ZP-11 


100 ns 




HM534252ZP-12 


120 ns 


28-pin 


HM534252ZP-15 


150 ns 


Plastic ZIP (ZP-28) 



This document contains information on anewproduct. Specifications and infomiation 
contained herein are subject to change without notice. 



^ 



CP-28D 




ZP-28 



Pin Arrangement 



Si/00 1 

^i/qid 3 

DT/OEi 
1/00, 
1/01 1 

wl, 

_NCt 

RASi 

A8l 



HM534252JP Scries 
SCiTl zsliVt* 
27 J SI/03 
26 J SI/02 

24 J 1/03 
23 J 1/02 
22 >NC 
21 >CA§ 
20 »NC 
19 >A0 
18>A1 
17 »A2 
16 1A3 
15 1A7 



2 
3 
*l 4 
S 
6 
7 
8 
9 
10 
A6dl1 
A5c 12 



(Top View) 



HM534252ZP Scries 



1/02 

SE 

SI/03 6 

SC 

SI/01 10 

l/OO 12 

WE 14 

RAS 16 

A6 18 

A4 20 

A7 22 

A2 24 

A0 26 

CA5 28 



1 NC 
3 1/03 
5 SI/02 
7V„ 
9 SI/OO 

11 OT/OE 

13 1/01 

15 NC 

WAS 

19 AS 

21 Vcc 

23 A3 

25 A1 

27 NC 



(Bottom View) 



Pin Description 



Pin Name 


Function 


A0-A8 


Address inputs 


I/O0-I/O3 


RAM port data inputs/ 
outputs 


svoo- 

SI/03 


SAM port data inputs/ 
outputs 


RAS 


Row address strobe 


CAS 


Colunrm address strobe 


WE 


Write enable 


DT/OE 


Data transfer/Output 
enable 


SC 


Serial clock 


SE 


SAM port enable 


Vcc 


Power supply 


Vss 


Ground 


NC 


No connection 
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Block Diagram 



DT/OE 



511 



I/O 



zOpcn) 



y 



Dout 



Dm 



Memory 
Array 



Row 



511 



511 



oT> 



PFrom 
Column Address 
(SAM Start Address) 



Mask 
Register 



■ Tsn 




Pin Function 

RAS (Input pin): RAS Is a basic RAM signal. It is 
active in low level and standby in high level. Row 
address and signals as shown in table 1 are input at the 



falling edge of RAS. The input level of those signals 
determine the operation cycle of the HM534252. 







Table 1 


. Operation Cycles of the HIVI534252 




Input level at the falling edge of RAS 






CAS 


DT/OE 




WE 


SE 




H 


H 




H 


X 


RAM read/write 


H 


H 




L 


X 


Mask write 


H 


L 




H 


X 


Read transfer 


H 


L 




L 


H 


Pseudo transfer 


H 


L 




L 


L 


Write transfer 


L 


X 




H 


X 


CBR refresh 


L 


X 




L 


X 


Logic operation set/reset 



Note: x; Don*t care. 



CAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 
I/O in RAM. 

A0~A8 (input pins): Row address is determined by 
A0~A8 level at thefalling edge of RAS. Column address 
is determined by A0-A8 level at the falling edge of 
CAS. In transfer cycles, row address is the address on 
the word line which transfers data with SAM data 
register, and column address is the SAM start address 
after transfer. 



WE (input pin): WE pin has two functions at the falling 
edge of RAS and after. When WE is low at the falling 
edge of RAS, the HM534252 turns to mask write mode. 
According to the I/O level at the time, write on each I/O 
can be masked. (WE level at the falling edge of RAS is 
don't care in read cycle.) When WE is high at the falling 
edge of RAS, a normal write cycle is executed. After 
that, WE switches read/write cycles as in a standard 
DRAM. In a transfer cycle, the direction of transfer is 
determined by WE level at the falling edge of RAS. 
When WE is low, data is transferred from SAM to RAM 
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(data is written into RAM), and when WE is high, data 
is transferred from RAM to SAM (data is read from 
RAM). 

I/O0-I/O3 (input/output pins): I/O pins function as 
mask data at the falling edge of RAS (in mask write 
mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. 
After that, they function as input/output pins as those 
of a standard DRAM. 

DT/OE (input pin): DT/OE pin functions as DT (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When ^T is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM 
and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a serial read 
cycle, data outputs from an SI/0 pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an Sl/O pin at the rising edge of SC is put into the 
SAM data register. 



high-speed page mode. 

RAM Write Cycle 

(Early Write, Delayed Write, Read-l\/lodify- Write) 

(DT/OE high, CAS high at the falling edge of RAS) 

• Normal Mode Write Cycle 

(WE high at the falling edge of RAS) 

When CAS and WE are set low after RAS is set low, 
a write cycle is executed and I/O data is written at the 
selected addresses. When all 4 l/Os are written, WE 
should be high at the falling edge of RAS to distinguish 
normal mode from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high 
impedance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle 
becomes a delayed write cycle. Data is input at the WE 
falling edge. I/O does not become high impedance in 
this cycle, so data should be entered with OE in high. 



SE (input pin): SE pin activates SAM. When SE is high, 
Sl/O is in the high impedance state in serial read cycle 
and data on Sl/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 



If WE is set low after tcwo (min) and tAwo (min) after 
the CAS falling edge, this cycle becomes a read-modlfy- 
write cycle and enables write after read to execute in the 
same address cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and 
setting OE high. 



SI/O0-SI/O3 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by 
the previous transfer cycle. When it was a read transfer 
cycle, Sl/O outputs data. When it was a pseudo 
transfer cycle or write transfer cycle, Sl/O inputs data. 

Operation of HM534252 

Operation of RAM Port 
RAM Read Cycle 

(DT/OE high, CAS high, at the falling edge of RAS) 



• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends on 
I/O level (mask data) at the falling edge of RAS. Then the 
data is written in high I/O pins and masked in low ones 
and internal data is preserved. This mask data is effective 
during the RAS cycle. So, in high-speed page mode 
cycle, the mask data is preserved during the page 
access. 



Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 
^ is low while CAS is low, the selected address data 
outputs through I/O pin. Atthe falling edge of RAS, DT? 
UE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 
Address access time (tAA) and RAS to column address 
delay time (tRAo) specifications are added to enable 



High-Speed Page Mode Cycle 

(DT/OE high, CAS high at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the random 
read/write cycle and is higher than the standard page 
mode cycle by 70-80%. This product is based on static 
column mode, therefore address access time (tAA), RAS 
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to column address delay time (tRAo), and access time 
from CAS precharge (tACP) are added. In one RAS 
cycle, 5 1 2-word memory cells of the same row address 
can be accessed. It is necessary to specify access 
frequency within tRAs max (1 jxs). 

Transfer Operation 

The HM534252 provides the transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 
low at the falling edge of RAS. 

They have following functions: 

(1 ) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM -^ SAM 

(b) Write transfer cycle: RAM <- SAM 

(3) Determine input or output of SAM I/O pin (SI/0) 
Read transfer cycle: SI/0 output 
Pseudo transfer cycle, 

write transfer cycle: Sl/O input 



(4) Determine first SAM address to access (SAM start 
address) aftertransferringatcolumn address. When 
SAM start address is not changed, neither CAS nor 
address need to be set because SAM start address 
can be latched internally. 

Read Transfer Cycl e (CA S high, DT/OE low, WE high 
at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving 
DT/OE low and WE high at the falling edge of RAS. The 
row address data (512x4 bit) determined by this cycle 
is transferred synchronously at the rising edge of DT/ 
OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by 
column address. 

This cycle can access SAM serially even during 
transfer (real time read transfer). In this case, the timing 
tsDD (min) is specified between the last SAM access 
before transfer and DT/OE rising edge, and tsDH(min) 
between the first SAM access and DT/OE rising edge 
(see figure 1). 
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DT/OE 



V. 



tsOD 



AIAVAUM^^^YJV 



SI/0 





SAM Data Before Transfer 



A ^i A vi^i 



SAM Data After Transfer 



Figure 1. Real Time Read Transfer 



If read transfer cycle is executed, Sl/O becomes 
output state. When the previous transfer cycle is either 
pseudo transfer cycle or write transfer cycle and Sl/O 
is in Input state, uncertain data outputs after tRiz (min) 
after the RAS falling edge. Before that, input should be 
set high Impedance to avoid data contention. 

Pseudo Transfer Cycle (CAS hiqh. P T/OE low, WE 
low, and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching 
Sl/O from output state to input state because data in 
RAM isn't rewritten. This cycle starts when CAS is 
high, DT/OE low, WE low, and"SE high, at the falling 
edge of RAS. The output buffer In Sl/O becomes high 
Impedance within tsRZ (max) from the RAS falling 
edge. Data should be input to Sl/O later than tsiD (min) 
to avoid data contention. SAM access becomes enabled 
after tsRD (min) after RAS becomes high. In this cycle, 
SAM access is Inhibited during RAS low, therefore, SC 
should not be raised. 



WriteTransfer Cycle (CAS high , DT/O E low, WE low, 
and SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at 
the falling edge of RAS. The column address is specified 
as the first address to serial write after terminating this 
cycle. Also in this cycle, SAM access becomes enabled 
after tsRD (min) after RAS becomes high. SAM access is 
inhibited during RAS low. In this period, SC should not 
be raised. 

SAM Port Operation 



Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output 
from Sl/O. If SE Is set high Sl/O becomes high 
impedance and internal pointer Is Incremented at the 
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Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, Sl/O data is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, Sl/O data isn't input into data 
resister. Internal pointer is incremented according to 
the SC rising edge, so SE high can mask data for SAM. 

Refresh 

RAM Refresh 

RAM, which Is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 51 2 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses 
every 8 ms. 

RAS-Only Refresh Cycle: RAS-only refresh cycle Is 
performed by activating only RAS cycle with CAS fixed 
to high by inputting the row address {^ refresh address) 
from external circuits. In this cycle, output Is high- 
impedance and power dissipation Is less than that of 
normal read/Write cycles because CAS Internal circuits 
don't operate. To distinguish this cycle from data 
transfer cycle, DT/OE should be high at the falling 
edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits 
because it is input through an internal refresh counter. 
in this cycle, output is in high impedance and power 
dissipation is lowered like in RAS-only refresh cycles 
because CAS circuits don't operate. To distinguish this 
cycle from logic operation se t/rese t cycle, WE should 
be high at the falling edge of RAS. 

Hidden Refresh Cycle: Hidden refresh cycle 
performs refresh by reactivating RAS when DT/OE 
and CAS keep low in normal RAM read cycles. 



Logic Operation Mode 

The HM534252 supports logic operation capability 
on RAM port. It performs logic operations between the 
memory cell data and input data in logic operation 
mode cycle, and writes the result into the memory cell 
(read modify write). This function realizes high speed 
raster operations and simplifies peripheral circuits for 
raster operations. 

Logic Operation Set/Reset Cycle (CAS and WE Low 
at the falling edge of RAS) 

In logic operation set/reset cycle, the following 
operations are performed at the same time; 1 . Selection 
of logic operations and logic operation mode set/reset, 
2. Mask data programming, 3. CAS-before^RAS refresh. 

Figure 2 shows the timing for logic operation set/ 
reset cycle. This cycle starts when CAS and WE are low 
at the falling edge of RAS. In this cycle, logic operation 
codes and mask data are programmed by row address 
and I/O pin at the falling edge of RAS respectively. 
When write cycle is performed after this cycle, the logic 
operation write cycle starts. In the logic operation 
mode, the specification of cycle time Is longer than that 
of normal mode because read-mod if y-write cycle Is 
performed Internally. In this cycle, logic operation codes 
and mask data programmed are available until 
reprogrammed. In normal mode, mask data is available 
only for one RAS cycle. Here, the mask data 
programmed in normal mode is named as "temporary 
mask data" and the one programmed in logic operation 
set/reset cycle is named as "mask data". 

(l)Selection of logic operations and logic operation 
mode set/reset 

Table 2 shows the logic operations. One operation 
is selected among sixteen ones by combinations of AO- 
A3 levels at the falling edge of RAS. (A4~A8 are Don't 
care.) Logic operation codes (A3, A2, A1 , AO) = (0, 1 ,0, 1 ) 
resets the logic operation mode. When write cycle is 
performed afterthat, normal write cycle starts. However, 
even in this case, mask data is still available. I/O should 
be at high level at the falling edge of RAS in logic 
operation set/reset cycle when mask data is not used. 




SAM Refresh 

SAM parts (data register, shift register, selector), 
organized as fully static circuitry, don't require refresh. 
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(2) Mask data programming 

High/bw level of I/O at the falling edge of RAS 
functions as mask data. When I/O is high, the data is 
written in write cycle. When I/O is low, the input data is 



masked and the same memory cell data remains. 
Mask data, programmed in this cycle, is available 
until reprogrammed. It is advantageous when the 
same mask data continues. 



1 


_ \ 

RAS 


1 


CAS \ 


1 


X I 

A0-A3 l\ Logic Code /\ 






- \ . / 


I/O0-I/O3 j^ Mask Data f\ 







Figure 2. Logic Operation Set/Reset 







Table 2. Logic Code 






A3 


Logic Code 
A2 Al 


Symbol 
AO ^ 


Write Data 


Note 



Zero 







ANDl 



DiMi 



AND2 



Di • Mi Logic operation mode set 



Mi 



THROUGH 



EOR DiMi + DiMi 



Di Logic operation mode reset 



ORl 



Di+Mi 



1 








NOR 






DiMi 


1 





1 


ENOR 


Di 


Mi 


+ DiMi 


1 


1 





INVl 






Di 


1 


1 


1 


OR2 






Di + Mi 


1 1 








INV2 






Mi 


1 1 





1 


OR3 






Di + Mi 


1 1 


1 





NAND 






Di + Mi 


1 1 


1 


1 


One 






1 



Logic operation mode set 



Notes: Di; External data-in 

Mi; TTie data of the memoiy cell 
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Logic operation 
set/reset cycle 


Write cycle 


Write cycle 


Write cycle 


Write cycle 


WE 
l/OO 

1/01 
1/02 

1/03 


\ 


^ /' 


V / ^ 


^ / ^ 


\ / ^ 


\ / 


.■ / 


A 1 


..„..\ / 


..A / 


::v^ 








::v^ 


... / 


A 


.-/ 


A / 






"0"Write 








..A 


Masked / 


"1 "Write 


\ "0"Write 








.-/ 


Masked 


"1 "Write 


Masked 
Masked 


Masked 




"L" 


Masked / 


\ "0"Write 


_J Masked 








Masked 


"0"Write 






"H" 


"1 "Write \_ 


_/ "1 "Write 










Logic 


— 


AND1 


THROUGH 


AND1 


AND1 


Remarks 


Mask data is set. 
I/01. 2: Masked 
Assume that the 
k>gic is set to 
-AND1" 




Temporary mask 

data is set, and 

valid only in this 

cycle. 

t/OO, 3: Masked 










Figure 3. 2 Types of fAask Write Function and Logic Operation Function 



Also, temporary maskdata is programmed by falling 
WE at the falling edge of RAS in logic operation mode 
cycle after mask data is programmed in logic operation 
set/reset cycle, in this case, temporary mask data is 
available only for one cycle. 

Logic operation is reset during temporary mask 
write cycle, it means that external input data is written 
into i/0 when temporary mask data is set. Figure 4 
shows write mask and iogicoperations. These functions 



are useful when RAM port is devided into frame buffer 
area and data area, asthey save the need to reprogram 
logic operation codes and mask data. 

Write Cycle in Logic Operation l^ode 
(Eariy Write, Delayed Write, Page Mode) 

Write cycle after logic operation set cycle is logic 
operation mode cycle. In this cycle, the following read- 
modify-wrlte operation is performed Internally. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 



523 



HM534252 Series 



(1 ) Reading memorydata in given address into internal (3) Writing the result of (2) into address given by (1 ) 
bus. 

2) Performing operation between input data and 
memory data 











Read 1-word source data 




i 




Read 1-word destination data 




i 




Execute logic operation between source data 
and destination data 




\ 


f 




Write the result of operation into the destination 
address 











Execute logic operation set/reset cycle 










^k 




Read 1-word source data 




\^ 




Write read data into the destination address 









(a) Normal Mode 

(b) Logic Operation Mode 

Figure 4. Sequence of Raster Operation 

Figure 4 shows sequence of raster operation. Raster executed in one write cycle of logic operation mode. It 
operation which needs 3 cycles (destination read, makes raster operation faster and simplifies peripheral 
operation, destination write) in normal mode can be hardware for raster operation. 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Terminal voltage*^ 


Vt 


-1.0 to -1-7.0 


V 


Power supply voltage *^ 


Vcc 


-0.5 to +7.0 


V 


T» j;__;__»: 


1V„ 


1.0 


w 


Operating temperature 


Topr 


to -h70 


°c 


Storage temperature 


Tstg 


-55 to +125 


<>c 



Note: ♦!. Relative to Vss. 



Recommended DC Operating Conditions (Ta = to +70X) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage** 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage * * 


VlH 


2.4 


— 


6.5 


V 


Input low voltage** 


ViL 


-0.5*^ 


— 


0.8 


V 



Notes: *1. AU voltages referenced to Vss. 
*2. -3.0 V for pulse width < 10 ns. 
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HM534252 Series 



■ DCCH 


ARAC 


FERISTICS (Ta 


= to 70°C, Vcc = 5V ± 


10%, 


Vss 


= 0V) 
















Item 


Symbol 


Test Conditions 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Notes 


RAM Port 


SAM Port 


Mm 


Max. 


Mm 


Max 


Mm 


Max 


Mm 


Max 


Operating 


icci 


RAS, CAS Cycling 


SC = V,L,SE = V,H 


- 


70 


- 


70 


- 


60 


- 


55 


mA 


1,2 


Current 


ICC7 


SE = V,L, SC Cycling tg^c = ^in 


- 


120 


- 


120 


- 


100 


- 


85 


mA 


Standby 


^CC2 


RAS, CAS = V,H 


SC = V,L,SE = V,H 


- 


7 


- 


7 


- 


7 


- 


7 


mA 




Current 


ICC8 


SE = V,L, SC Cycling tscc = Min 


- 


65 


- 


55 


- 


55 


- 


40 


mA 




RAS-Only 

Refresh 

Current 


ICC3 


RAS Cycling 
CAS = V,„ 
'rc ~ ^'"• 


SC = V,L,SE = V,H 


- 


70 


- 


70 


- 


60 


- 


55 


mA 


2 


ICC9 


SE = V,L, SC Cycling I^qq = Min 


- 


120 


- 


120 


- 


100 


- 


85 


mA 


Page Mode 


ICC4 


CAS Cycling 
RAS = V,L 


SC = V,L, SE = V,H 


- 


80 


- 


80 


- 


70 


- 


60 


mA 


1,3 


Current 


^CCIO 


SE = V,L, SC Cycling i^qq = Min 


- 


130 


- 


130 


- 


110 


- 


90 


mA 


CAS-Before- 
RAS Refresh 
Current 


ICC5 


RAS Cycling 
tRC = Min 


SC = V,L,SE = V,H 


- 


60 


- 


60 


- 


50 


- 


40 


mA 




^CCll 


SE = V,L, SC Cycling tgcc = Mm. 


- 


110 


- 


110 


- 


90 


- 


70 


mA 




Data 

Transfer 

Current 


ICC6 


RAS, CAS 

Cycling tRC = ''^i" 


SC = V,L,SE = V,H 


- 


95 


- 


95 


- 


90 


- 


85 


mA 


2 


Ice 12 


SE = V,L, SC Cycling tscc = Mm. 


- 


135 


- 


135 


- 


125 


- 


115 


mA 


Input 

Leakage 

Current 


ly 




-10 


10 


-10 


10 


-10 


10 


-10 


10 


/.A 




Output 

Leakage 

Current 


Ilo 




-10 


10 


-10 


10 


-10 


10 


-10 


10 


.A 




Output High 
Voltage 


VoH 


Iqh = -2mA 


24 


~ 


24 


- 


24 


- 


2.4 


- 


V 




Output Low 
Voltage 


Vol 


loL = 4.2mA 


- 


04 


- 


04 


- 


04 




04 


V 






NOTES: 1 . Ice depends on output loading condition when the device 

2. Address can be changed less than three times while RAS 

3. Address can be changed once or less while CAS = Vih. 



is selected. Ice max, is specified at the output open condition. 

= ViL. 



Capacitance (Ta = 25X, Vcc= 5 V, f = IMHz, Bias: Clock, I/O = Vcc, address = Vss) 




Item Symbol Min Typ Max 


Unit 


Address Cii — — 5 


pF 


Clock Ci2 — — 5 


PF 


I/0,SVO Cvo — — 7 


pF 
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HM534252 Series 

AC Characteristics ( Ta = to +70*^0, Vcc = 5 V ± 10%, Vss = V ) *^' *^^ 

Test Conditions 

Input rise and fall time: 5 ns 

Output load: See figures 

Input timing reference levels: 0.8 V, 2.4 V 

Output timing reference levels: 0.4 V, 2.4 V 



Output Load (A) 



loH = — 2mA 



Output Load (B) 



+ 5V 



loL=4.2mA 



loH = -2mA 



loL=4.2mA 



I/O 



lOOpF** 



K^ 



SI/0 



T 



n- 



'm 



. 50pF" 



777 



Note: *L Including scope & jig. 



Common Parameter 



Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or 
Write Cycle Time 


tRC 


190 


- 


190 


- 


220 


- 


260 


- 


ns 




RAS Precharge Time 


tRP 


80 


— 


80 


— 


90 


— 


100 


— 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tcAS 


30 


10000 


30 


10000 


35 


10000 


40 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


15 


— 


15 




15 


— 


20 


— 


ns 




Column Address Setup Time 


tASC 





— 










— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


25 


70 


25 


70 


25 


85 


30 


no 


ns 


5,6 


RAS Hold Time 


tRSH 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




CAS Hold Time 


tcSH 


100 


— 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


~ 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


8 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


tDTS 





— 





— 





— 





— 


ns 




DT to RAS Hold Time 


toTH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Data-in to OE Delay Time 


tozo 





__ 





— 





— 





— 


ns 




Data-in to CAS Delay Time 


tDZC 





— 





— 





"~ 





— 


ns 
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HM534252 Series 



• Read Cycle (RAM), Page Mode Read Cycle 



Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From RAS 


tRAC 


— 


100 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time From CAS 


tCAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time From OE 


tOAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


tAA 


— 


45 


— 


45 


— 


55 


— 


70 


ns 


3,6 


Output Buffer Turn Off Delay 
Referenced to CAS 


toFFl 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Output Buffer 1\irn Off Delay 
Referenced to OE 


t0FF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 





— 





— 


ns 


12 


Read Command Hold Time 
Referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


12 


RAS to Column Address 
Delay Time 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


20 


— 


ns 




Access Time From CAS 
Precharge 


Ucp 


- 


50 


- 


50 


- 


60 


- 


75 


ns 





• Write Cycle (RAM), Page Mode Write Cycle 



Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


9 


Write Command Hold Time 


twcH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS 
Lead Time 


tRWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command to CAS 
Lead Time 


tcwL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 





— 


ns 


10 


Data-in Hold Time 


^DH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


twH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced 
to WE 


tOEH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


20 


— 


ns 
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HM534252 Series 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM534252-10 


HM534252-I1 


HM534252-12 


HM534252-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Modify Write Cycle Time 


tRWC 


255 


— 


255 


— 


295 


— 


350 


— 


ns 




RAS Pulse Width 


tRWS 


165 


10000 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE Delay 


tcwD 


65 


— 


65 


— 


75 


— 


90 


— 


ns 


9 


Column Address to WE Delay 


tAWD 


80 


— 


80 


— 


95 


— 


120 


— 


ns 


9 


OE to Data-in Delay Time 


k)DD 


25 


— 


25 


— 


30 


— 


40 


— 


ns 




Access Time From RAS 


tRAC 


— 


100 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time From CAS 


tCAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time From OE 


toAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


tAA 


— 


45 


— 


45 


— 


55 


— 


70 


ns 


3,6 


RAS to Column Address Delay 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Output Buffer Turn-Off 
Delay Referenced to OE 


t0FF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 




Read Command Setup Time 


tRCS 





— 










— 





— 


ns 




Write Command to RAS 
Lead Time 


tRWL 


30 


- 


30 




35 


- 


40 


- 


ns 




Write Command to CAS 
Lead Time 


tcWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tos 





— 





— 





— 





— 


ns 


10 


Data-in Hold Time 


tDH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


twH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced 
to WE 


toEH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 





• Refresh Cycle 
























Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time 
(CAS-Befure-RAS Refresh) 


tr;cD 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS-Before-RAS Refresh) 


tCHR 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS 
Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


ns 
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HM534252 Series 



• Transfer Cycle 



Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




SE to RAS Setup Time 


tES 





— 





— 





— 





— 


ns 




SE to RAS Hold Time 


tEH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


30 


— 


30 


— 


35 


— 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


40 


— 


40 


— 


45 


— 


ns 




DT Hold Time From RAS 


tRDH 


80 


— 


90 


— 


90 


— 


110 


— 


ns 




DT Hold Time From CAS 


tCDH 


20 


— 


30 


— 


30 


— 


45 


— 


ns 




Last SC to DT Delay Time 


tsDD 


5 


— 


5 


— 


5 


— 


10 


— 


ns 




First SC to DT Hold Time 


tsDH 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




DT to RAS Lead Time 


tDTL 


50 


— 


50 


— 


50 


— 


50 


— 


ns 




DT Hold Time Referenced 
to RAS High 


toTHH 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




DT Precharge Time 


toTP 


30 


— 


35 


— 


35 


— 


40 


— 


ns 




Serial Data Input Delay 
Time from RAS 


tsiD 


50 


- 


60 


- 


60 


- 


75 


- 


ns 




Serial Data Input to 
RAS Delay Time 


^SZR 


- 


10 


- 


10 


- 


10 


- 


10 


ns 




Serial Output Buffer Tlirn-Off 
Delay From RAS 


tsRZ 


10 


50 


10 


60 


10 


60 


10 


75 


ns 


7 


RAS to Sout (Low-Z) 
Delay Time 


tRLZ 


5 


- 


10 


- 


10 


- 


10 


- 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




Serial Clock Cycle Time 


tsCC2 


40 


— 


40 


— 


40 


— 


60 


— 


ns 


13 


Access Time From SC 


tsCA 


— 


30 


— 


40 


— 


40 


— 


50 


ns 


4 


Serial Data Out Hold Time 


tsOH 


7 


— 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tsiH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




• Serial Read Cycle 


Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




Access Time From SC 


tsCA 


— 


30 


— 


40 


— 


40 


— 


50 


ns 


4 


Access Time From SE 


tSEA 


— 


25 


— 


30 


— 


30 


— 


40 


ns 


4 


Serial Data-Out Hold Time 


tsOH 


7 


— 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Output Buffer Turn-Off 
Delay From SE 


tsEZ 


- 


25 


- 


25 


- 


25 


- 


30 


ns 


7 
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HM534252 Series 



Serial Write Cycle 



NOTES: 



Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tsiH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Serial Write Enable 
Setup Time 


^SWS 





- 





- 





- 





- 


ns 




Serial Write Enable Hold Time 


tsWH 


30 


— 


35 


— 


35 


— 


50 


— 


ns 




Serial Write Disable 
Setup Time 


tswis 





- 





~ 





- 





- 


ns 




Serial Write Disable 
Hold Time 


tsWIH 


30 


- 


35 


- 


35 


- 


50 


- 


ns 




• Logic Operation Mode 


Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Hold Time (Logic 
Operation Set/Reset Cycle) 


tpCHR 


90 


- 


90 


- 


100 


- 


120 


- 


ns 




RAS Pulse Width in 
Write Cycle 


tRFS 


140 


10000 


140 


10000 


165 


10000 


200 


10000 


ns 




CAS Pulse Width in 
Write Cycle 


tCFS 


60 


10000 


60 


10000 


70 


10000 


80 


10000 


ns 




CAS Hold Time in Write Cycle 


tpCSH 


140 


— 


140 


— 


165 


— 


200 


— 


ns 




RAS Hold Time in Write Cycle 


tpRSH 


60 


— 


60 


— 


70 


— 


80 


— 


ns 




Write Cycle Time 


tpRC 


230 


— 


230 


— 


265 


— 


310 


— 


ns 




Page Mode Cycle Time 
(Write Cycle) 


tppc 


85 


- 


85 


- 


100 


- 


120 


- 


ns 





AC measurements assume tj = 5ns. 

Assume that Ircd ^ Ircd (max.) and Irad ^ Irad (max.). If tRCD or Irad is greater than the maximum 

recommended value shown in this table, Irac exceeds that value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

When tRCD ^ Ircd (max.) and Irad ^ Irad (max.), access time is specified by tcAC- 

When tRCD ^ tRCD (max.) and tRAD ^ tRAD (max.), access time is specified by tAA- 

toFF (max.) is defined as the time at which the output achieves the open circuit condition (Vqh - ZUUmv, Vol + 

200mV). 

ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Transition times are measured 

between Vih and Vil. 

When twcs ^ twcs (min.), the cycle is an early write cycle, and I/O pins remain in an open circuit (high 

impedance) condition. When Iawd ^ Iawd (min.) and tcwD ^ tcwD (min.), the cycle is a read-modify- write cycle; 

the data of the selected address is read out from a data output pin and input data is written into the selected address. 

In this case, impedance on I/O pins is controlled by OE. 

These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or 

read-modify-write cycles. 

After power-up, pause for 100 /as or more and execute at least 8 initialization cycles (normal memory cycles or 

refresh cycles), then start operation. 

If either tRCH or tRRH is satisfied, operation is guaranteed. 

tscc2 is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 
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Timing Waveforms 
Read Cycle 



HM534252 Series 
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W 



'/ 



< 




wmm 
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: ///////////////// 



Valid 
Dm 



High-Z 



- ^////////////////////mm//, 



^// '. Don't care 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem oiy ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the 1/0 is high at the falling edge of RAS. 
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Delayed Write Cycie 



RAS 



Iress^ 

toi 



■A 



:k 



DT/OE 



I/O 
(Input) ' 



"s: 



:/ 



: m//////m/mm 



hta. ^ - LmUi J 



I V.IIIIIIIIIWIIIIWIIW 



^-ZEJ^C^^EUmUMIIMIL 



I/O 
(Output)" 



High-Z 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 

Read-Mod ify-Write Cycle 



1 ^ ""v 



;o<: 



X. 



WE 



H^^ 



z, 7ME 



(Input) 



I/O 
(Output) ' 



m/or ^ 



> 



jWv 



3d. 



vmj 



mMMMMM 



Valid 
Dm 



K/^ • Don't care 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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Page Mode Read Cycle 



RAS 



CAS 



N. 



n 






WE 



mm 



I/O . 
(Output) 

I/O ■ 

(Input) 



TZIZZi 






I h^tRcS tRCH -4 -H-W^RCS — .tRCM •'tRcS L ^WCH '*f """ 



Valid 
Dout 



toAC toFF2 



mB 



7 



Dout 



-^^^T^'VA ^ EtTTTA B777% [ 



toAC toFF2 



^> 



rizzz 



z 



Page Mode Write Cycle (Early Write) 



CAS 



^^P^V. 



%. 



)S Colui 



I/O 



(Output) t^^^ ^ 



/ 



:h / 



ImS tuiH toS toH I OS t 



<•-.) ^rHZ^3D^^O 



/ 



WZZZZZ&IZZZZ)& ///////// 



.(ZZh. 



^ 



'■jumi 



.dnuL 



wmmiL 



High-Z 



--// V///////////////////////////////77777 

Y//), : Don't care 



Note: ♦ 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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Page Mode Write Cycie (Delayed Write) 



■\ 



CAS 



/ 



t RCD tCAS 



:r^N. 



WE 



i/0 
(Input) 



■'^\ 



Tk^^^^W^^WTJ^ 



\ 



^ 



Ti^^yUWA .m777]\ ,r777TA" //////////. 



muniL 




I/O 



fVah 
Dm 

High-Z 



(Output) ^ 



wmmmiL 



DT/OT 



Y2Z1 ' Don't care 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 

RAS-Only Refresh Cycle 



RAS 



X 



CAS 7 



Address 



I/O 
(Output) 



I/O 
(Input) 



DT/OE 



vr^ 



^ 



V 



viiniiii 

H 

^/llllll lllllllllll/lll 



zT 



M/iiiiiiiiiiiimii/iih 



M/III/IIIIIIIITTTTTTT, 



Y/A ■ Don't care 
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CAS-Before>RAS Refresh Cycle 



RAS 



/ ' ^r^^ ^ ^\ 



.^ 



/////////////////////////// 



WE 



I/O 7 

(Input) 



I/O 
(Output) 

DT/or 



High-Z 



Hidden Refresh Cycle 



RAS 



CAS 



y 



WE 



z 



X 



V 



Column 




I/O . 
(Output) 



DT/OE 



I/O 
(Input) 



T 



TL> 



iP4t==it=\_ 



-mmnmznimmL 



m: 



c 



Valid Data Out 



High-Z 
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Read Transfer Cycle (1) *^ * 



Address 7) 



V~ 



W 



^///////7////////7777 



'Z:\ IIIHIIIIIIIII l 



Ff/or 



^ 



7777777, 



'//IJ///////I/I//I/IIIJ/II///I//// TIL 



SI/0 
(Output) 



3C 



GZZZS 



ii±r~v_r~A_7-^ 



SI/0 
(Input) 



im:Mi[iKw.wx^mi 



Previous Row-* 
High-Z 



Y/yj{ '• Don't care 



Notes: *1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

Read Transfer Cycle (2) *^ ^ 



CSS 



Address n Row 



WF 'Jl 



I/O 
(Output) " 



f 



WTUTTi Tm 



UTTTTT 



^- {iiiiiiiiniiiiniiiitiiinin 



I/O / / ri I I I I I I 1 1 I I 1 1 I 1 1 I I f I I 1 1 I I I 1 1 I 1 1 

(Input) ' I I I I / I I I I n I I I I ( I I IJ IJ I 11 I I I I I I I I I 



<DTS 

DT/OT Y 



SI/0 
(Output) 



^-^"-- Mllllllll 



' mm^m m^ v 



Sl/t- Y^ "valid =^ 

('"put) 4- ^'^ ^ 



'^L-X~\ 



^ //////////TTJ/TC W.m. 



Y7ZX ' Don't care 

^OO^ Inhibit rising transient 



Notes: *1. When the previous data tr ansfe r cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SEis in low level. (When SE is high, SI/0 becomes high impedance.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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Pseudo Transfer Cycle 



"RAS 



CAS 



X 



£ 



WE 



a 



toTS 

DT/OT a 



r 



sc 

SI/0 
(Input) 






SAM Start 
Address 



'J 



zzzzz 



\ 



iiiiiiiimiiiiin 



yiiiiiiiiiiiiiiiiiiiimmiiiiiri 



■. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiif 



'. Don't care 

: Inhibit rising transient 



^ tlllllllllllllJUIIIIIIIIIIIJlJ . 

r 1 tsCP ^scc 



I/O : Don't care 



' tsisl-»-» tsiH 



tsoHh- H 

SI/0 t;*^ 

(Output) — T— J 3pc 



— -f j"" ts.O , ' ts.st^l^ ts.H ^ 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

Write Transfer Cycle 



ra5 



CAS 



\ddress A^ 
tws 



tors 

Ff/(5r ^ 



SI/0 
(Input) 

SI/0 
(Output) 



W. 



:f=^^\ 



\iii)iiihiiiiiinniinii 



^iiiiimiiiiiliiiiiiiiiiiiiiiiim 



' iimiiimiiiiiiiiiiiiiiiiuiiiiiii 



. I '^ L >l ^ tscc »J 



l/y/zi : Don't care 

KX)^ •' Inhibit rising transient 



EJm^fflfc 



^ iiiiiiiiiinif i 



^^^ 



:^zzzzz)C 



High-Z 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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Serial Read Cycle 



RAS 



DT/OE 



ii//i/i///i///i/i/im vi/i/iiini 



J 



SI/0 
(Output) 



_J (n-l)fj /■ (n 



ym: 



tscc 



AL 



(n-1) 



/ 



(n+1) N 




Valid 
Sout 



\ r 

wt 



(n+2) 

tsOH 



Valid 
Sout 



Serial Write Cycle 



RAS 



DT/OT 



SC 



iinminiiiiiiiniik vminni 



X 



J 



tscc 



.1 -^ 






" ' tsiH ts 



: Don't care. 



Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address is accessed next to address 511. 
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Logic Operation Set/Reset Cycle 



l^AS" 



CAS 



"wr 



J 



tRP 



tcSR 



zzziE 



' tcRP 



j/ 



iiiiiiiiiiiiiiiiin 



m 



Input) 23 



. ^iiiiiiiiiiiiiiiiimii 



I/O 
(Output) 



zzzzzzzzzzzzzzzzzzz 



High-Z 



Y//\ • Don't care. 




Notes: *1. Logic code A0-A3 
*2. Write mask data 
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Logic Operation Mo6e Timing Waveforms 
Early Write Cycle 



ws 



^^ 



Address 




Row 



WE 



t 



m 



I/O 
(Input) 



m: 



f- *"- 4 



'^::r~ y//////////// 



I/O 
(Output) 



nf 



Jzaf 



tw 



: ////7/7777 



Valid Din 



///////////. 



High-Z 



Y//A '. Don't care. 



Note: ♦ 1 . When WE is high, all the data on I/Os can be written into the mem ory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 

Delayed Write Cycle 



RS5 



V 



^CAS tA 



tpFS 



/t^ 



tASC . ■• 



T f^^w^^=^nirmiiiiiiiii// 



■WE 



3; 



Ff/sr 



I/O 
(Input) 



tpTS^I « 



3: 



zzzza 



■ //IllllUlh 



Niiiiiiiniiiiin 



I/O _ 
(Output) 



ValldDa.aln yj] I I I 1 1 1 

High-Z ^ZZl • Don't care. 



Note: * 1 . When WE is high, all the data on I/Os can be written into th e mem ory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 
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Page Mode Write Cycle (Deiayed Write) 



w^ 



"CSS" 



Z): 



tpcSH 

twCD ^1 ^ tcFS 



I/O 
(Output) 



T5T/0E 



w 



«_lFRSH ». 

tcF: 



Row ^ [^°'""'" ](// // //^ p°'""' j(////y| ^Co'"'""^ (77/ 



77777777 



t MS^ tMH L*OS toH tM toH tflS to 

.:2,33(Z^CZZZZ3ieZZM 



- i-EzmEanmcmmmm 



High-Z 



iCZZZZZZI 



toEH 



mm, 

Y//X • Don't care. 



Note: 1. When WE is high, all the data on I/Os can be written into the memory ceU. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 

Page Mode Write Cycle (Early Write) 



M5 



CSS Ja: 



f^\ 



"\ 



WE- 



twsW« tX I ^WH L«- »itwCH . L*^twCH X 1. 



I/O 
(Input) 

I/O 
(Output) 



^njKzzMzzfSzzzzz 



High-Z 



#^ 



^/^/// Xlllllllllllllllllllllllll, 

Y/A • Don't care. 



Note: 1 . When WE is high, all the data on I/Os can be written into th e mem ory cell. When WE is low , the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 
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Preliminary 



262144-Word x 4-Bit IVIultiport CI\/IOS Video RAI\/l 

The HM534253 is a 1 -Mbit multiport video RAM equipped witii a 
256-kword x 4-bit dynamic RAM and a 51 2-word x 4-bit SAM (serial 
access memory). Its RAM and SAM operate independently and 
asynchronously. It can transfer data between RAM and SAM and 
has a write maskf unction. In addition, it has two new functions. Flash 
write clears the data of one row In one cycle in RAM. Special read 
transfer internally detects that the last address in SAM is read and 
transfers the next data of one row automatically from RAM if a 
transfer cycle has previously been executed. These functions make 
It easier to use the HM534253. 

Features 

• Multiport organization 

Asynchronous and simultaneous operation of RAM and SAM 

capability 

RAM: 256-kword x 4-bit and SAM: 512-word x 4-bit 

• Access time RAM: 1 00 ns/1 20 ns/1 50 ns max 

SAM: 30 ns/ 40 ns/ 50 ns max 

• Cycle time RAM: 1 90 ns/220 ns/260 ns min 

SAM: 30 ns/ 40 ns/ 60 ns min 

• Low power 

Active RAM: 385 mW max 

SAM: 275 mW max 

Standby 40 mW max 

• High-speed page mode capability 

• Mask write mode capability 

• Bidirectional data transfer cycle between RAM and SAM capability 

• Special read transfer cycle capability 

• Flash write cycle capability 

• 3 variations of refresh (8 ms/51 2 cycles) 

RAS-only refresh 
CAS-before-RAS refresh 
Hidden refresh 

• TTL compatible 

Ordering Information 



Type No. 


Access Time 


Package 


HM534253JP-10 


100 ns 


400-mU 


HM534253JP-12 


120 ns 


28-pm 


HM534253JP-15 


150 ns 


Plastic SOJ(CP-28D) 


HM534253ZP-10 


100 ns 


400-mil 


HM534253ZP-12 


120 ns 


28-pin 


HM534253ZP-15 


150 ns 


Plastic ZIP (ZP-28) 



This document contains information on a new product. Specifications and inf onnati(xi 
contained herein are subject to change without notice. 



Pin Arrangement 



HM534253P Series 



SC« 1 



SI/GO « 
31/01 1 
DT/6E« 
l/O0« 
1/01 » 
WE« 
NC« 8 
RA§« 9 
A8C 10 
A6t 11 
A5t 12 
A4i 13 
Vcc« 14 



"28}>Vss 
27 » SI/03 
26 > SI/02 
25 3§^ 
24 '1/03 
23 » 1/02 
22 > DSF 
21 >CA§ 
20»QSF 
19)A0 
18»A1 
17»A2 
161 A3 
15>A7 



(Top View) 



HM534253ZP Series 



1/02 2 

§E 4 

31/03 6 

30 

31/01 10 

l/OO 12 

W 14 

RS5 16 

A6 18 

A4 20 

A7 22 

A2 24 

AO 26 

CAS 28 



'. ^^^^ 



1 DSF 
31/03 
5 31/02 
7Vss 
9 3I/O0 

11 DT/OE 

13 1/01 

15 NO 

17 A8 

19 AS 

21 Vcc 

23 A3 

25 A1 

27QSF 



(Bottom View) 



Pin Description 



Pin Name 


Function 


A0-A8 


Address inputs 


I/O0-I/O3 


RAM port data inputs/ 
outputs 


SI/OO- 
SI/03 


SAM port data inputs/ 
outputs 


RAS 


Pq\i7 address strob'? 


CAS 


Colunm address strobe 


WE 


Write enable 


DT/OE 


Data transfer/Output 
enable 


SC 


Serial clock 


SE 


SAM port enable 


DSF 


Special function input 
flag 


QSF 


Data register empty 
flag 


Vcc 


Power supply 


Vss 


Ground 


NC 


No connection - 
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Block Diagram 



DT/OEj 



I/O t 



WE 



tt>z 



511 



Dout 
Dm 



Mask 
— H Register 



n) 



Memory 
Array 



Row 



-^' 



< — M Color 
— yj Register 



DR : Data Register 



"U 



Pointer 



I Selector h- 



From 

Column Address 
(SAM Start 
Address) 



I sTTo 1 




Pin Function 

RAS (input pjn): RAS is a basic RAM signal. It is active 
in low level and standby in high level. Row address and 
signals as shown in table 1 are input at the falling edge 



of RAS. The input level of those signals determine the 
operation cycle of the HM534253. 







Table 1. 


Operation Cycles of the Hl\/I534253 




Input level at the falling edge of RAS 




Oneration C^vcle 


CAS 


DT/OE 


WE 


SE 


DSF 




H 


H 


H 


X 


L 


RAM read/write 


H 


H 


H 


X 


H 


Color register set 


H 


H 


L 


X 


L 


Mask write 


H 


H 


L 


X 


H 


Flash write 


H 


L 


H 


X 


L 


Special read initialization 


H 


L 


H 


X 


H 


Special read transfer 


H 


L 


L 


H 


X 


Pseudo transfer 


H 


L 


L 


L 


X 


Write transfer 


L 


X 


X 


X 


X 


CBR Refresh 



Note: x: Don't care. 



CAS (input pin): Column address is put Into chip at the 
falling edge of CAS. CAS controls output impedance of 
I/O in RAM. 

A0-A8 (input pins): Row address Is determined by AD- 
AS level at the falling edge of RAS. Column address is 
determined by A0-A8 level at the falling edge of CAS. 
In transfer cycles, row address is the address on the 



word line which transfers data with SAM data register, 
and column address is the SAM start address after 
transfer. 

WE (Input pin): WE pin has two functions at the falling 
edge of RAS and after. When WE Is low at the falling 
edge of RAS, the HM534253 turns to mask write mode. 
According to the I/O level at the time, write on each I/O 
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can be masked. (WE level at the falling edge of RAS 
is don't care in read cycle.) When WE is high at the 
falling edge of RAS, a normal write cycle is executed. 
After that, WE switches read/write cycles as in a 
standard DRAM. In a transfer cycle, the direction of 
transfer is determined by WE level at the falling edge 
of RAS. When WE is low, data is transferred from SAM 
to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is 
read from RAM). 

I/O0-I/O3 (input/output pins): I/O pins function as 
maskdata at the falling edge of RAS (in mask write and 
flash write mode). Data is written only on high I/O pins. 
Data on low I/O pins are masked and internal data are 
retained. After that, they function as input/output pins 
as those of a standard DRAM. 

DT/OE (input pin):"DT/OE pin functions as Df (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When "DT is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM 
and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a serial read 
cycle, data Is output from an Sl/O pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an Sl/O pin at the rising edge of SC is put into the 
SAM data register. 

SE (input pin): SE pin activates SAM. When SE is high, 
Sl/O is in the high impedance state in serial read cycle 
and data on Sl/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 

SI/O0-SI/O3 (input/output pins) : Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by 
the previous transfer cycle. When it was a special read 
transfer cycle or special read initialization cycle, Sl/O 
outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, Sl/O inputs data. 

DSF (input pin): DSP is a special data input flag pin. It 
is set to high when new functions such as color register 
set, special read transfer, and flash write, are used. 

QSF (output pin): The HM534253 has a double buffer 
organization which includes two SAM data registers to 
relax the restriction on timings of DT/OE and SC in real 



time transfer cycle. QSF flag turns high when output 
from one of SAM data registers finished (data register 
empty flag). If the condition is detected and special 
read transfer cycle is executed, data is transferred to 
the empty register. SC (serial clock) and data transfer 
cycle can be set asynchronously because detection of 
the last address in SAM and change of data register 
are executed automatically in the chip. It makes the 
system design flexible. 

Operation of HIVI534253 

Operation of RAM Port 

RAM Read Cycle (DT/O E high, CAS high, DSF low at 
the falling edge of RAS) 

Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the device 
as In standard DRAM. Then, when WE is high and DT/ 
OE is low while CAS is low, the selected addres s data 
is output through I/O pin. At the falling edge of RAS, 
DT/OE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 
Address access time (tAA) and RAS to column address 
delay time (tRAo) specifications are added to enable 
high-speed page mode. 

RAM Write Cycie 

(Eariy Write, Deiayed Write, Read Modify Write) 

(DT/OE high, CAS high, DSF low at the falling edge of 
RAS) 

• Normal Mode Write Cycle (WE high at the falling 
edge of RAS) 

When CAS and WE are set low after driving RAS 
low, a write cycle is executed and I/O data is written in 
the selected addresses. When all 4 l/Os are written, 
WE should be high at the falling edge of RAS to 
distinguish normal mode from mask write mode. 

If WE is set low before the CAS falling edge, this 
cycle becomes an early write cycle and I/O becomes 
high impedance. Data is entered at the CAS falling 
edge. 



If WE is set low after the CAS falling edge, this cycle 
becomes a delayed write cycle. Data is input at the WE 
falling. I/O does not become high impedance in this 
cycle, so data should be entered with OE in high. 
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If WE is set low after tcwo (min) and tA'/vo (min) after 
the CAS falling edge, this cycle becomes a read modify 
write cycle and enables read/write to execute in the 
same address cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and 
driving OE high. 

• Mask Write Mode (WE low at the falling edge of 
RAS) 

If WE Is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends 
on I/O level (mask data) at the falling edge of RAS. 
Then the data is written in high I/O pins and masked in 
low ones and internal data is preserved. This mask 
data is effective during the RAS cycle. So, in high- 
speed page mode cycle, the mask data is preserved 
during the page access. 

High-Speed Page Mode Cycle ( DT/OE high, CAS 
high, DSF low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling 
CAS while RAS is low. Its cycle time is one third of the 
random read/write cycle and Is higher than the standard 
page mode cycle by 70-80 %. This product is based on 
static column mode, therefore, address access time 
(tAA), RAS to column address delay time (tRAo), and 
access time from CAS precharge (tACP) are added. In 
one RAS cycle, 512-word memory cells of the same 
row address can be accessed. It is necessary to 
specify access frequency within tRAs max (10 m-s). 



Flash Write Function (See figure 1) 

• Color Register Set Cycle (CAS-DT/OE-WE high, 
DSF high at the falling edge of RAS) 

In color register set cycle, color data is set to the 
internal color register used in flash write cycle. 4 bits of 
internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, 
It preserves the data until reset. The data set is just as 
same as in the usual write cycle except that DSF is set 
high at the falling edge of RAS, and early write and 
delayed write cycle can be executed. In this cycle, 
memory array access is not executed, so it is 
unnecessary to give row and column addresses. 

• Flash Write Cycle (CAS-"DT/OE high, WE low, DSF 
high at the falling edge of RAS) 

In a flash write cycle, a row of data (512 x 4 bit) is 
cleared to or 1 at each I/O according to the data of 
color register mentioned before. It is also possible to 
mask I/O In this cycle. When CAS-DT/OE is set high , 
WE Is low, and DSF is high at the falling edge of RAS, 
this cycle starts. Then, the row address to clear is given 
to row address and mask data is to I/O. Mask data is as 
same as that of a RAM write cycle. High I/O is cleared, 
low I/O is not cleared and the internal data Is preserved. 
Cycle time is the same as those of RAM read/write 
cycles, so all bits can be cleared in 1/512 of the usual 
cycle time. 
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Set (1/03,1/02.1/01, 
l/OO) = (1,0,0. 1)lnto 
color register. 


Execute flash write 
Into I/02, 1/03 on row 
address XI using color 
register. (l/OO, I/01 
are masked.) 


Execute flash write 
into l/OO, I/01.I/03 
on row address Xi 
using color register. 
(i/02 is masked.) 





Figure 1. Use of Flash Write 



546 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM534253 Series 



Transfer Operation 

The HM534253 provides the special read 
initjalizatlon cycle, special read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 
low at the falling edge of RAS. They have following 
functions: 

(1 ) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Special read initialization cycle, 
Special read transfer cycle: RAM -^ SAM 

(b) Write transfer cycle: RAM <- SAM 

(3) Determine input or output of SAM I/O pin (SI/0) 
Special read initialization cycle: Sl/O output 
Pseudo transfer cycle, write transfer cycle: 

Sl/O input 

(4) Determine first SAM address to access (SAM start 
address) aftertransferring at column address. When 
SAM start address is not changed, neither CAS nor 
address need to be set because SAM start address 
can be latched internally. 

Special Read Initialization Cycle (CAS high,DT/OE 
low, WE high, DSF low at the falling edge of RAS) 

If CAS Is high, D T/OE is low,"WE high, and DSF low 
at the falling edge of RAS, this cycle becomes a special 
read initialization cycle. Special read initialization is 
used (1 )to start special read transfer operation and (2) 
to switch SAM input/output pin (Sl/O), set In input state 
by pseudo transfer cycle or write transfer cycle, to 
output state. 



If the clock is set as mentioned before, address of 
SAM transfer word line is set to row address and first 
SAM address to access (SAM start address) to column 
address, it becomes possible to execute SAM read 
after tsRo (min) after RAS is high. In this cycle, Sl/O 
outputs uncertain data after the RAS falling edge. So 
when SAM Is in input state before executing this cycle, 
It is necessary to stop input before the RAS falling 
edge. 



SAM access is inhibited while RAS is low in this 
cycle. SC should not be raised during RAS low. 

Special Read Transfer Cycle (CAS high, DT/OE low, 
WE high, DSF high at the falling edge of RAS) 

Ordinary multiport video RAM has some problems; 
(1) severe limitation on timings between processor 
clock DT/OE and CRT clock SC, (2) complicated 
external control circuit to detect SAM last address 
externally and to insert transfer cycle synchronously. 
Special read transfer cycle makes it possible to relax 
the timing limitations and to set serial clock (SC) and 
transfer cycle perfectly synchronously. 

Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two 
data registers (DR). When data is read out from DRO 
serially, special read transfer cycle transfers a row of 
RAM data, which will be read from SAM next, to DR1 . 

The end of data read from DRO is detected Internally 
and data register switching circuit automatically 
switches to DR1 output. So data can be output 
continuously. 
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Figure 2. Block Diagram for Special Read Transfer 
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Figure 3 shows special read transfer operation 
sequence. QSF flag indicates that reading out from 
data resister has finished (data register empty flag), 
and special read transfer can be executed while QSF 
is high. Atf irst, special read operation starts by executing 
an special read initialization cycle. So QSF becomes 
high, the processor gives row address and SAM start 
address, which is needed next, to the memory, and 
inserts a special read transfer cycle. Data register 
becomes full after a special read transfer cycle, so 



QSF becomes low during the cycle. When the last 
SAM address is accessed, QSF becomes high and the 
data register, which outputsf rom the next SAM address, 
changes, and serial access can be executed. 

By executing these handshakes, serial clock and 
transfer cycle can be executed perfectly asyn- 
chronously, and flexibility of the system design Is 
improved. 



Multiport 
Video RA» 
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SI/0 
(Output) 


RAM 

,\/ Specials 
I lnitializati< 


RAM RAM 
RO ^ DR1 *- DRO 




*** VrAM Read Vspecial read V RAM Read VsrwcW »«»<*¥ ^^ Read 
>" A /Write A transfer cyde A /Write A transfer cydeA /Write 

/Column address /Column address 




/ 

Y=511 Y=i i+1 i+2 

JM\ P\J\N\I\' 


/ 

Y=511 Y=j i+1 

-AIU 








Y Output from DRO ¥ Output from [ 


«, I 







Figure 3. Special Read Transfer Operation Sequence 



Special read transfer cycle is set by making CAS high, 
DT/OE low, WEhigh, and DSF high at the falling edge 
of RAS (same as for special read initialization cycle 
except DSF). Like in other transfer cycles, the address 
of the word Ijno tntranciffir into data reaister is soecif ied 
by row address and SAM start is specified by column 
address. When the last SAM address data is output, 
the next data is output from the SAM start address 
specified by this RAS cycle. This transfer cycle can be 
executed asynchronously with SAM cycle. However, it 
is necessary to execute SAM access after RAS 
becomes high after SAM start address is specified by 
RAS cycle. (See figure 4.) 

QSF should be high at the falling edge of RAS to 
execute a special read transfer cycle. A cycle whose 
QSF is bw is neglected (refresh is executed). When 
the previous transfer cycle is a pseudo transferor write 



transfer cycle and SI/0 Is in input state, special read 
transfer cycle cannot be used (neglected). Special 
read Initialization cycle is required to switch Sl/O to 
output state. 

Pseudo Transfer Cycle (CAS high,l DT/OE 'low, WE 
low, and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching SI/0 
from output state to input state because data in RAM 
isn't rewritten. This cycle starts when CAS is high, DT/ 
OE low, WE low, and SF high, at the falling edge of 
RAS. The output buffer In Sl/O becomes high impedance 
within tsRz (max) from the RAS falling edge. Data 
should be input to Sl/O later than tsiD (min) to avoid data 
contention. SAM access becomes enabled after tSRD 
(min) after RAS becomes high, like in the special read 
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Figure 4. The Restriction of Special Read Transfer 



initialization cycle. In this cycle, SAM access is inhibited 
during RAS low, therefore, SC should not be raised. 

Write Transfer Cycle (CAS high, "DT/O E low, WE low, 
and SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM Is determined by the address at 
the falling edge of RAS. The column address is specified 
as the first address to serial write after terminating this 
cycle. Also in this cycle, SAM access becomes enabled 
after tsRD (min) after RAS becomes high. SAM access 
Is inhibited during RAS low. In this period, SC should 
not be raised. 

SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is special read initialization cycle or 



special read transfer cycle. Access is synchronized 
with SC rising, and SAM data is output from S I/O. When 
the last address is accessed at the state of QSF low 
(data register is full), it is signaled to external circuits 
that special read transfer is enabled by making QSF 
high. Next, after SAM access, output data register is 
switched, then the row address data given by previous 
special read transfer cycle Is output from the SAM start 
address. If special read transfer isnt performed (QSF 
high), the column address of the same row address 
is accessed after the last address is accessed. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, Sl/O data is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, SI/0 data isn't input into data 
register. Internal pointer Is incremented according to 
the SC rising edge, so SE high can be used to mask 
data for SAM. 
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Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 51 2 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing ail row addresses 
every 8 ms. 

RAS-Only Refresh Cycle: RAS-only refresh cycle is 
performed by activating only RAS cycle with CAS fixed 
to high by inputting the row address (= refresh address) 
from external circuits. In this cycle, output is high- 
impedance and power dissipation is less than that of 
normal read/write cycles because CAS internal circuits 



don't operate. To distinguish this cycle from data 
transfer cycle, DT/OE should be high at the falling edge 
of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits 
because it is input through an internal refresh counter. 
In this cycle, output is in high impedance and power 
dissipation is lowered like in RAS-only refresh cycles 
because CAS circuits don't operate. 

Hidden Refresh Cycle: Hidden refresh cycle performs 
refresh by reactivating RAS when DT/OE and CAS 
keep low in normal RAM read cycles. 



SAM Refresh 

SAM parts (data register, shift register, selector), 
organized as fully static circuitry, don't require refresh. 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Terminal voltage*^ 


Vt 


-1.0 to +7.0 


V 


Power supply voltage *^ 


Vcc 


-0.5 to +7.0 


V 


Power dissipation 


Pt 


1.0 


w 


Operating temperature 


Topr 


to +70 


^'C 


Storage temperature 


Tstg 


-55 to +125 


X 



Note: *1. Relative to Vss. 



Recommended DC Operating Conditions (Ta = to +70''C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage** 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage** 


VlH 


2.4 


— 


6.5 


V 


Input low voltage** 


VlL 


-0.5*^ 


— 


0.8 


V 



Notes: *1. All voltages referenced to Vss. 
♦2. -3.0 V for pulse width ^ 10 ns. 
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DC Characteristics (Ta = to +70X, Vcc = 5 V 


±10%,Vss = 


:0V) 






Item 


Symbol 


HM534253 
-10 


HM534253 
-12 


HM534253 
-15 


Unit 


RAM port 


Test Conditions 




Min Max 


Min Max 


Min Max 


SAM port 



Operating Icci — 

current 



70 



60 



50 



mA 



ICC7 



120 



100 



80 



mA 



RAS, CAS 

cycling 
tRC= Min 



SC = ViL,SE = ViH 

Sl =ViL, SC cycling 
tscc=Min 



Standby current Icc2 — 



mA 



RAS,CAS 

= VlH 



ICC8 



50 



40 



30 



mA 



SC = ViL,SE = ViH 

SE = ViL, SC cycling 
tscc = Min 



RAS-only Icc3 — 

refresh current 



60 



50 



40 



mA 



ICC9 



110 



90 



70 



mA 



RAS cycling 
CAS = Vw 
tRC = Min 



SC = ViL,SE = ViH 

SE = ViL, SC cycling 
tscc = Min 



Page mode Ice* — 

current 



65 



55 



45 



mA 



Iccio — 115 



95 



75 



mA 



CAS cycling 

RAS=:VlL 

tRC = Min 



SC, SE = ViH 



SE = ViL, SC cycling 
tscc = Min 



CAS -before- Ices 

RAS refresh 

current Iccu 



60 



50 



40 



mA 



RAS cycling 
tRC = Min 



— 110 



90 



70 



mA 



SC = ViL, SE = Vw 

SE = ViL, SC cycling 
tscc = Min 




Data 

transfer 

current 



Ico6 



90 



90 



90 



mA 



ICC12 



125 



125 



125 



mA 



RAS,CAS 

cycling 
tRC = Min 



SC = ViL, SE = ViH 

SE = ViL, SC cycling 
tscc = Min 



Input leakage 
current 


Li 


-10 


10 -10 


10 -10 


10 


^A 




Output leakage 
current 


Ilo 


-10 


10 -10 


10 -10 


10 


^lA 




Output high 
voltage 


VOH 


2.4 


— 2.4 


— 2.4 


— 


V IoH = -2mA 




Output low 
voltage 


Vol 


— 


0.4 — 


0.4 — 


0.4 


V IoL = 4.2 mA 




Capacitance (Ta = 


25X, Vcc 


= 5 V, f =1 MHz, Bias: Clock, I/O = 


= Vcc, address = Vss) 




Item 




Symbol 


Min 




Typ 


Max 


Unit 


Address 




Cii 


— 




— 


5 


pF 


Clock 




Cl2 


— 




— 


5 


pF 


1/0. SI/O 




Cvo 


— 




— 


7 


pF 
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AC Characteristics ( Ta = to +70X, Vcc = 5 V ± 10%, Vss = V ) *'' *'' 

Test Conditions 

Input rise and fall time: 5 ns 

Output load: See figures 

Input timing reference levels: 0.8 V, 2.4 V 

Output timing reference levels: 0.4 V, 2.4 V 



Output Load (A) 



+ 5V 



Output Load (B) 

4-5V 



loH=~2mA 



loL = 4.2mA 



loL = 4.2mA 



I/O 



1 



n- 



SI/0 



lOOpF*' 



'77/ 



T 



■Kt- 



. 50pF* 



777 



Note: *1. Including scope & jig. 



Common Parameter 



Item 


Symbol 


HM534253-10 
Min Max 


HM534253-12 
Min Max 


HM534253-15 
Min Max 


Unit Note 


Random read or write cycle time 


tRC 


190 


— 


220 


— 


260 


— 


ns 


RAS precharge time 


tRP 


80 


— 


90 


— 


100 


— 


ns 


RAS pulse width 


tRAS 


100 


10000 


120 


10000 


150 


10000 


ns 


CAS pulse width 


tCAS 


30 


10000 


35 


10000 


40 


10000 


ns 


Row address setup time 


tASR 





— 





_ 





— 


ns 


Row address hold time 


tRAH 


15 


_ 


15 


— 


20 


— 


ns 


Column address setup time 


tASC 





— 





— 





_ 


ns 


Column address hold time 


tCAH 


20 


_ 


20 


— 


25 


— 


ns 


RAS to CAS delay time 


tRCD 


25 


70 


25 


85 


30 


no 


ns '^.^d 


RAS hold time 


tRSH 


30 


— 


35 


— 


40 


— 


ns 


CAS hold time 


tCSH 


100 


— 


120 


— 


150 


— 


ns 


CAS to RAS precharge time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 


Transition time (rise to fall) 


tr 


3 


50 


3 


50 


3 


50 


ns *« 


Refresh period 


tREF 


— 


8 


— 


8 


— 


8 


ms 


DT to RAS setup time 


tDTS 





— 





— 





— 


ns 


DT to RAS hold time 


tDTH 


15 


— 


15 


— 


20 


— 


ns 


DSF to RAS setup time 


tSFS 





— 





__ 





— 


ns 


DSF to RAS hold time 


tSFH 


25 


— 


25 


_ 


30 


— 


ns 


Data-in to OE delay time 


tDZO 





— 





— 





— 


ns 


Data-in to CAS delay time 


tDZC 





— 





— 





— 


ns 
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Read Cycle (RAM), Page Mode Read Cycle 



Item 


Symbol 


HM534253-10 
Min Max 


HM534253-12 
Min Max 


HM534253-15 
Min Max 


Unit 


Note 


Access time from RAS 


IRAC 


— 


100 


— 


120 


— 


150 


ns 


•2. '3 


Access time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


•3. -5 


Access time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


•3 


Address access time 


Ua 


— 


45 


— 


55 


— 


70 


ns 


•3.*6 


Output buffer tum-of f delay 
referenced to CAS 


tOFFl 





25 





30 





40 


ns 


•7 


Output buffer turn-off delay 
referenced to OE 


t0FF2 





25 





30 





40 


ns 


•7 


Read command setup time 


tRCS 





— 





— 





— 


ns 




Read command hold time 


tRCH 





— 





— 





— 


ns 


*12 


Read command hold time 
referenced to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 


•12 


RAS to column address 
delay time 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


*5.*6 


Page mode cycle time 


tPC 


55 


— 


65 


■— 


80 


— 


ns 




CAS precharge time 


tCP 


10 


— 


15 


— 


20 


— 


ns 




Access time from CAS precharge 


tACP 


— 


50 


— 


60 


— 


75 


ns 




Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 


Item 


Symbol 


HM534253-10 
Min Max 


HM534253-12 
Min Max 


HM534253-15 
Min Max 


Unit 


Note 


Write command setup time 


twcs 





— 





— 





— 


ns 


♦9 


Write command hold time 


tWCH 


25 


_ 


25 


— 


30 


— 


ns 




Write command pulse width 


tWP 


15 


— 


20 


— 


25 


— 


ns 




Write command to RAS lead time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write command to CAS lead time 


tCWL 


30 


— 


35 


— 


40 


— 


ns 




Data-in setup time 


tDS 





— 





— 





— 


ns 


•10 


Data-in hold time 


tDH 


25 


— 


25 


— 


30 


— 


ns 


•10 


WE to RAS setup time 


tws 





— 





— 





— 


ns 




WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




Mask data to RAS setup time 


tMS 





— 





— 





— 


ns 




Mask data to RAS hold time 


tMH 


15 


— 


15 


— 


20 


— 


ns 




OE hold time referenced to WE 


tOEH 


10 


— 


15 


— 


20 


— 


ns 




Page mode cycle time 


tPC 


55 


— 


65 


— 


80 


— 


ns 




CAS precharge time 


tCP 


10 


— 


15 


— 


20 


— 


ns 
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Read-Modify-Write Cycle 



Item 


Symbol 


HM534253-10 
Min Max 


HM534253-12 
Min Max 


HM534253-15 
Min Max 


Unit 


Note 


Read-modify -write cycle time 


tRWC 


255 


— 


295 


— 


350 


— 


ns 




RAS pulse width 


tRWS 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE delay 


tCWD 


65 


— 


75 


— 


90 


— 


ns 


*9 


Column address to WE delay 


tAWD 


80 


— 


95 


— 


120 


— 


ns 


♦9 


OE to data-in delay time 


tODD 


25 


— 


30 


— 


40 


— 


ns 




Access time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


*2*3 


Access time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


*3.»5 


Access time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


•3 


Address access time 


tAA 


— 


45 


— 


55 


— 


70 


ns 


*3.*6 


RAS to column address delay 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


♦5.*6 


Output buffer tum-off delay 
referenced to OE 


t0FF2 





25 





30 





40 


ns 




Read command setup time 


tRCS 





— 





— 





— 


ns 




Write command to RAS lead time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write command to CAS lead time 


tCWL 


30 


__ 


35 


— 


40 


— 


ns 




Write command pulse width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Data-in setup time 


IDS 





— 





— 





— 


ns 


*10 


Data-in hold time 


tDH 


25 


— 


25 


— 


30 


— 


ns 


•10 


WE to RAS setup time 


tws 





— 





— 





— 


ns 




WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




Mask data to RAS setup time 


tMS 





— 





— 





— 


ns 




Mask data to RAS hold time 


tMH 


15 


— 


15 


— 


20 


— 


ns 




OE hold time referenced to WE 


tOEH 


10 


— 


15 


— 


20 


— 


ns 




Refresh Cycle 


Item 


Symbol 


HM534253-10 
Min Max 


HM534253-12 
Min Max 


HM534253-15 
Min Max 


Unit 


Note 


CAS setup time 
(CAS-before-RAS refresh) 


tCSR 


10 


— 


10 


— 


10 


— 


ns 




CAS hold time 
(CAS-before-RAS refresh) 


tCHR 


20 


— 


25 


— 


30 


— 


ns 




RAS precharge to CAS hold time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 
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HM534253 Series 



Transfer Cycle 



Item 


Symbol 


HM534253-10 
Min Max 


HM534253-12 
Min Max 


HM534253-15 
Min Max 


Unit 


Note 


WE to RAS setup time 


tws 





— 





— 





— 


ns 




WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




SE to RAS setup time 


tES 




















ns 




SE to RAS hold time 


tEH 


15 


— 


15 


— 


20 


— 


ns 




RAS to SC delay time 


tSRD 


25 


— 


30 


— 


35 


— 


ns 




SC to RAS setup time 


tSRS 


30 


— 


40 


— 


45 


— 


ns 




RAS to QSF delay time 


tRQD 


— 


100 


— 


120 


— 


150 


ns 


•4 


RAS to QSF (high) delay time 


tRQH 


— 


TBD 


— 


TBD 


— 


TBD 


ns 




Serial data input delay time 
from RAS 


tSID 


50 


— 


60 


— 


75 


— 


ns 




Serial data input to RAS 
delay time 


tSZR 


— 


10 


— 


10 


— 


10 


ns 




Serial output buffer turn-off 
delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


75 


ns 


•7 


RAS to Sout (Low-Z) delay time 


tRLZ 


5 


— 


10 


— 


10 


— 


ns 




Serial clock cycle time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access time from SC 


tSCA 


— 


30 


— 


40 


— 


50 


ns 


•4 


Serial data out hold time 


tSOH 


7 


— 


7 


— 


7 


— 


ns 


•4 


SC pulse width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC precharge width 


tSCP 


10 


— 


10 


— - 


10 


— 


ns 




Serial data-in setup time 


tsis 





— 





— 





_ 


ns 




Serial data-in hold time 


tSIH 


15 


— 


20 


— 


25 


— 


ns 




Serial Read Cycle 


Item 


Symbol 


HM534253-10 
Min Max 


HM534253-12 
Min Max 


HM534253-15 
Min Max 


Unit 


Note 


Serial clock cycle time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access time from SC 


tSCA 


— 


30 


— 


40 


— 


50 


ns 


*4 


Access time from SE 


tSEA 


— 


25 


— 


30 


— 


40 


ns 


*4 


Serial data-out hold time 


tSOH 


7 


— 


7 


— 


7 


— 


ns 


•4 


SC pulse width 


tsc 


10 


_ 


10 


— 


10 


— 


ns 




SC precharge width 


tSCP 


10 


— 


10 


— 


10 


— 


ns 




Serial output buffer turn-off 
delay from'SE 


tSEZ 





25 





25 





30 


ns 


•7 


Last SC to QSF delay time 


tSQD 


— 


TBD 


— 


TBD 


— 


TBD 


ns 


•4 
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HM534253 Series 



Serial Write Cycle 



Item 


Symbol 


HM534253-10 
Min Max 


HM534253-12 
Min Max 


HM534253-15 
Min Max 


Unit Note 


Serial clock cycle time 


tscc 


30 


— 


40 


— 


60 


__ 


ns 


SC pulse width 


tsc 


10 


— 


10 


— 


10 


— 


ns 


SC precharge width 


tSCP 


10 


— 


10 


— 


10 


— 


ns 


Serial data-in setup time 


tsis 





— 





— 





— 


ns 


Serial data-in hold time 


tSIH 


15 


— 


20 


— 


25 


_ 


ns 


Serial write enable setup time 


tsws 





__ 





— 





— 


ns 


Serial write enable hold time 


tSWH 


30 


— 


35 


— 


50 


— 


ns 


Serial write disable setup time 


tswis 





— 





— 





— 


ns 


Serial write disable hold time 


tSWIH 


30 


_. 


35 


— 


50 


— 


ns 


Fiasli Write Cycle 


Item 


Symbol 


HM534253-10 
Min Max 


HM534253-12 
Min Max 


HM534253-15 
Min Max 


Unit Note 


Flash write cycle time 


tRCFW 


230 


— 


265 


— 


310 


— 


ns 


RAS pulse width 


tRCSFW 


140 


— 


165 


— 


200 


— 


ns 


WE to RAS setup time 


tws 





— 





— 





— 


ns 


WE to RAS hold time 


tWH 


15 


— 


15 


— 


20 


— 


ns 


CAS high level hold time 
referenced to RAS 


tCHHR 


20 


— 


25 


— 


30 


— 


ns 


Mask data to RAS setup time 


tMS 





— 





_ 





— 


ns 


Mask data to RAS hold time 


tMH 


15 


— 


15 


— 


20 


— 


ns 



Notes: 



♦9. 

*10. 
*11. 
♦12. 



AC measurements assume tj = 5 ns. 

Assume that IRCD < tRCD (max) and tRAD < irad (max). 

If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

When tRGD > tRCD (max) and tRAD < tRAD (max), access time is specified by tCAC. 

When tRCD ^ tRCD (max) and tRAD > tRAD (max), access time is specified by tAA. 

tOFF (max) is defined as the time at which the output achieves the open circuit condition (VoH-200 mV, VoL+200 mV). 

Vin (min) and Vbl (max) are reference levels for measuring timing of input signals. Transition limes are measured between 

Vw and Vil. 

When twcs > twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) condition. 

When tAWD > tAWD (min) and tcwD > tcwD (min), the cycle is a read-modify-write cycle; the data of the selected address 

is read out from a data out pin and input data is written into the selected address. In this case, impedance on I/O pins is 

controlled by OE. 

These parameters are referenced to CAS faUing edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

After power-up, pause for 1 00 fis or more and execute at least 8 initialization cycles (normal memory cycles or refresh cycles), 
then start operation. 
If either tRCH or tRRH is satisfied, operaticHi is guaranteed. 



556 



Hitachi America, Ltd. • Hitachi Plaza 



<^ HITACHI 

► 2000 Sierra Point Pi<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 



-HM534253 Series 



Timing Waveforms 
Read Cycie 



ws 



CS5 



twAS 



tcSH 



Ad^ess T^cs2><n?<^>mmMML 



^ '/ / //// /i/f/i/ A 



I/O 
(Output) 



^: 



:^znz2\ 



m~'. 



Z wmm> . 



(Inpi 



15T/0r 



DSF 






■/ 



< 






mm 



WMh. zmm 



<Il 



^ ^ // //// / /////////////////// /// m ^-o„„ 



Early Write Cycle 



rS5 



CAS^ 



:H- 



N: 



"wr 



Address ^ 31; ^^<13E; ><^^^^ 



1^ 






(Input) 

I/O 
(Output) 



DT/or 

DSF ^ 



X 



*4 L ''"^ 

1^ 






y////////////, 



,;°o ^fe<^©^^^^ 



High-Z 



Y//\ • Don't care. 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 



Delayed Write Cycle 



RAS 



CAS 



'/ ^ tRP ^A 



Address yOQ Row 






3^ 



s: 



Column 



w///////////7////m 



"wr 
DT/or 

I/O 
(Input) 




I/O 



(Output) 



: ////////////M 



High-Z 



t ^SFH 



KZ^ : Don't care. 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 

Read-Modify-Write Cycle 



Address ' 



ir>. 




I/O 
(Output) 






-m^ 



/ 



.^ tcWL ^11 



^- m/zM. 



"Wh. 




W////////M 



v/////m 



wi%^m//////////////m//// /m 



Z^ ' Don't care. 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mem ory ce ll. When WE is low level, the data on I/Os are 
not writtrai except for the case that the I/O is high at the falling edge of RAS. 
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-HM534253 Series 



Page Mode Read Cycle 



ws 



cs? 



Address 



n; 



K 



tM8 



u^ V 



tcA» 



-WE 



Tzzm 



I/O 
(Output)" 






"°7m\ 



(Input) 



2?- 



SFS I SFM 



!^: 



Valid 
Dout 



■/:z:'^:=y^^\ 



Wf 



tACP 



Uj tpCHJ-f --Ut,c» t,CHH "*r tpcH**" *""" 

I ite. I " ■■ .■■■ 



7' Valid ^[ 

"Sp Dout J 







wi 



tCA» 
tASC tcAH 



TZv. 







c 



MZZ 



Valid 
Dout 



> 



toAc 1221 



/^777777 



- 2. ////////////////////////////////////^ 



Y/A '• Don't care. 



Page Mode Write Cycle (Early Write) 



nas ^5j* 



Ca5 









.piit)^^ 



(Input) 



I/O 
(Output) 



15T/5r/ 



^ 



:^^^c 



^2^. 



wnm 



f 



-'^ 



..(Hh. 



Valid 
Din 



:^: 






Valid 
Din 



:^^^; 



High-Z 



^"T y//////////////////////////////////// 
7f W////////////////////////////////// 



Note: ♦ 1 . When WE is high level, all the data on I/Os can be written into the mem oiy ce ll. When WE is low level, the data on I/Os are 
not writtoi except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 



Page Mode Write Cycle (Delayed Write) 



raS" 



CAS 



wr 



\ 



"s. 



(Input) Ij^ 




.'^\ 



3Hzi^ 



.''': 



I/O 



(Output) toTS 



^---- 






H— — ^tcwi ■• HtcwL !■ fc|tcwi. 



mz^s . mmA, w^^ y Wrmmm. 



imm^'EmmmzMMM 



W/////////M 



\ m////////////////////////////////////// //M 



Y/A : Don't care. 



Note: * 1 . When WE is high level, all the data on I/Os can be written into the mam ory c ell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 

RAS-Only Refresh Cycle 



RAS 



CAS 



^'- 



tAS. 



■/• 



^^ 



n^ 



vm//// . 



— "T^^ W///////////////////////////, 



I/O 
(Output) 

I/O 
(Input) 



DSF 7^ 



<///////////////////////////// 



'''°' ^-^ ////////////////////mm 



V/////////////////////////m, 



: Don't care. 
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•HM534253 Series 



CAS-Before-RAS Refresh Cycle 



T??^ 



C^ 



tRP 



>. 



tcSR 



^: 



/ 



ll^ K. 

tcRP 



-^- v///////////////////////////////////m 

^ w///////////////// ////////////////////^^^ 

,Z^ y////////////////////////////////////////^^^ 

I/O High-Z 

(Output) """ 

^/^ V//////////////////////////////////M 

°^ y///////////////////////////////////777, 

Y/A • Don't care. 



Hidden Refresh Cycle 



RAS 



X 



CAS 






tRAD^t 



Address 



y^ Row y Column' 



;/nr]sh:±i::^\_ 



mit 



I/O 
(Output) 



mm^ IT 



(Input) /V^^ 



i' 



)mimMMmM 



^////////////////M 



tRAC ^L. 



'm 



■*-toAC-*" 



^9*c 



Valid Data Out 



High-Z 



osr ^ n(/////////////////m//////m. 



Y//\ • Don't care. 



<^ HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Plwy. • Brisbane, CA 94005-1819 • (415) 589-8300 561 



HM534253 Series 



Special Read Initialization Cycle (1) '^ *^ 



raS" 



CAS 



wr 



OSF 



w. 



•^—Lai 



^:^ ^^f7WM/)/m/mM 



T 



~: W////////////7//////////////////A 



CT/CFT ^ 



sc J 



SI/0 
(Output) 



J 



: ^////////////^^^^^^^ 



Valid 
Sout 



I 



y^ 



Valid 
Sout 






Notes : * 1 . When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, it is specified as special 
rea d initialization cycle (1 ). 
*2. SEis in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

Special Read Initialization Cycle (2) *^ '^ 



CAS 
Address ^^ Row 

wr 



S, 



J^\ 



:^ 



:mim 



f 



7/////////////////m? 



^ ±:. V//////////////J//////////////////77777r/ 



^^ V///////////////A 



DT/or 



SI/0 
( Output) - 



^^4 « lOTH 

f y//////////////////////////////m^^ 



r mmm m 






^ 



SI/0 y— vst 

(Input) A — Si 



iTZMMMMzmzszmzi 



> 




Y//A • Don't care 

- % '' p/////////////mm////m////77M. ^:ZZ'"^ 



Notes: * 1 . When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization cycle (2). 
*2. SEis in low level. (When SE is high, SI/0 becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 



Special Read Transfer Cycie*^ 



RAS 
CAS 



Address 



3p 



I/O 
(Output) 



-Rr^ 



'^ SAM start 
Jf\A \ Address 



tc»8 ^ 1 

^^lllllllllllllll j. 



IM ML 



High-Z 



,Z, 'iiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiwi 



DT/OE 



SC 



\ 



^ '''^iiiliniiiiwwwwimiwiWL 



(Output) 

SI/0 
(Input) 



QSF ts„ 
DSF 



m^=s~^^j~\—r 



X, If^^M^^EMBI^^EIIIM^m. 



High-Z 



w — " 



tllllllllllllllllllllllllllllllllllllh 

Y//)i : Don't care. 




Notes: *1. When QSF is low level at the falling edge of RAS, the special read transfer cycle is not perfoimed. 
*2. SE is in low level. (When SE is high, Sl/O becomes high impedance state.) 
♦3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 



Pseudo Transfer Cycle 



"MS" 



w m 



toTS 

15T/C5r ^ 



% 



1 



SI/0 
(Input) 

SI/0 
(Output) 



QSF 



: I tcRP 




W//////////////////////////M 



^w/m/im)mwmm 



^ v///////mm////////////m 



^ 



^JJF-^^^^^d 




X 



Y//X • Don't care 
fyV^ : Inhibit rising transient 
I/O : Don't care 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

Write Transfer Cycle 



RAS 

CAS t„R 



Address 



WE 



DT/OE 



SE 



SC 



SI/0 
(Input) 

SI/0 
(Output) 



QSF 



'ASK x . 

«» I ■ >-^RAH , I t 



■f^ 



SAM start 
Address 



r 



KJI Ifl l ll lllll ll ll llllU lL 



t'^ '^llllllllllllllllfllllfllllllllllllllL 
t '^IIIIIIIIIIIIIIIHlllllllllllllllllllll, 



-Up..— tsRo(.^h *scc 



\ /I 



mjMMm'Ii^iEMlBf^i^" 



High-Z 



P777I : Don't care 

y yyii : inhibit rising transient 



Note: ♦!. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 



Serial Read Cycle 



■ras 



DT/OE 



SC 



iiiiiiiiiiiiiniiiiTTn v////////// 



>. 



/ 



J 



(n-l)fJ / (n) 



SI/0 
(Output) 



you. 



L tsCA 






^ ^ r (n-f2) \ r 



Valid 
Sout 



^mm^ 



Y/A '■ Don't care 



Serial Write Cycle 



RAS 



DT/OF 



mnnnnmiiiiiiik iimiinii 



toTs^: J 




-J 

ra — tswM-^ ' 



(Input) 



_t_SWIH \^ 



I 1 j I sec ■ J <■ sec X I /— — 

tscp ^i i - , tsc ,^L l. tscp^ r ^ tsc , U-.^SCP 1^ ^sc, C / 

~^ | (n-1 'l y j rl (n) \ \ 1 1 (n + 1) |\ 1 

IIMUKZ. 



z. i5:ixzzz)3a<zzzzzzzzzz)<: 



Valid 
Sin(n 



ts.s tsiH 

Y//} '• Don't care 



Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address is accessed next to address 511. 
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HM534253 Series 



Serial Read Cycle (Around Address 511 in SMA) 




Note * 1 . Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle isn't 
executed (QSF remains in high level), address is accessed next to address 51 1 . 

Color Register Set Cycle (Early Write) 



ws 



CS5 



w: 



I/O 
(Input) 



UT/or 






I , tws , 



twcs- 



m 



'/ //// /// // /m: 



# 






Address 



J[bsZ«. 



tcAS 



-tcSH- 



-twP- 



m////m 



'// / ///// / ///// M 



v/////////// / //// //m w / 



=^ 



mZMZMMMM 



77) r-^m////////////////////////A 



Y//X '' Don't care. 



Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
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HM534253 Series 



Color Register Set Cycie (Delayed Write) 



m 



WE fjj^ 



'/° V 



(Input) 



DT/OE 



^ 



DSF 



SP' 



m. 



'A-;^=:^mMZM 



'/ll//l)llllllO ^ ^/m///I///m, 



tpH ^ 



t/i/////i/ii///i//iiinmm, 



THIMMMMMm 



■ w/////mmm/m/, 



Y//\ : Don't care 



Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
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HM534253 Series 
Flash Write Cycle 



ws 



V 



f 



Address ^^^ 



^ ^CHHK I 



^Z^ 



wmmiiiimiimm, 



Row 
Address. 



wr 



tMS 



I/O 7; 

(Input) 



TM: 



m/mm/m/j/mm. 



■ immmi/mmm 



Mask Data 



Fr/or 



^ 






■ mm///m/m//m/. 



pmmm///////////////// 



Y//\ '• Don't care. 
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HM538121JP/ZP-10/12/15-Preliminary 

131,072 X 8-Bit Multiport CMOS Video Random Access IVIemory 

■ DESCRIPTION 

The HM538121 is a 1-Mbit multiport video RAM equipped with a 
128-kword x 8-bit dynamic RAM and a 256-word x 8-bit SAM (serial 
access memory). Its RAM and SAM operate independently and 
asynchronously. It can transfer data between RAM and SAM and has 
a write mask function. It is suitable for a graphic processing buffer 
memory. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 

RAM 128-kword x 8-Bit 

SAM 256-word x 8-Blt 

• Access Time RAM: 100/1 20/1 50ns (max.) 

SAM: 30/40/50ns (max.) 

• Cycle Time RAM: 1 90/220/260ns (min.) 

SAM: 30/40/60ns (min.) 

• Low Power 

Active RAM: 385mW (max.) 

SAM: 275m W (max.) 
Standby 40mW (max.) 

• High Speed Page Mode Capability 

• Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle Between RAM and 
SAM Capability 

• Real Time Read Transfer Capability 

• 3 V ariatio ns of Refresh (8ms/512 Cycles) 

RAS-Only Refresh 
CAS-Before-RAS Refresh 
Hidden Refresh 

• TTL Compatible 



■ ORDERING INFORIVIATION 




Part No. 


Access 


Package 


HM538121JP-10 
HM538121JP-12 
HM538121JP-15 


100ns 
120ns 
150ns 


400-mil 40-pin 
Plastic SOJ 
(CP-40D) 




PIN ARRANGEMENT 











sc[I 


1 


40 


U Vssi 


si/oo C 


2 


39 


m 81/07 


81/01 C 


3 


38 


H SI/06 


81/02 C 


4 


37 


H 81/05 


81/03 E 


5 


36 


m 81/04 


DT/OEL 


6 


35 


USE 


l/OoC 


7 


34 


U 1/07 


l/Oi \Z 


8 


33 


H 1/06 


1/02 C 


9 


32 


I] 1/05 


1/03 C 


10 


31 


I1I/04 


vcci C 


11 


30 


H VSS2 


weC 


12 


29 


I] NO 


NO [Z 


13 


28 


H NO 


RAsH 


14 


27 


J CAS 


NO IZ 


15 


26 


m NO 


AsC 


16 


25 


Hao 


AeC 


17 


24 


DAi 


AsC 


18 


23 


3^2 


A4C 


19 


22 


DA3 


VcC2 C 


20 


21 


DA7 




(Top View) 






PIN DESCRIPTION 



Pin Name 


Function 


Ao-Ag 


Address Inputs 


I/O0-I/O7 


RAM Port Data 
Inputs/Outputs 


SI/O0-SI/O7 


SAM Port Data 
Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer/ 
Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


Vcc 


Power Supply 


Vss 


Ground 


NC 


Non Connection 
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■ BLOCK DIAGRAM 



RAM 



SAM 



DT/OE 



^^^tri^^ 



511 



WE 



Dout 
Din 



Memory 
Array 



Row 



511 



511 



OTV 



Pointer 



From 

Column Address 

(SAM Start Address) 



L^J Mask 
Register 



Pin Function 

RAS (input pin): RAS is a basic RAM signal. It is 
active in low level and standby in high level. Row 
address and signa ls as shown in table 1 are input at 
the falling edge of RAS. The input level of those sig- 
nals determine the operation cycle of the HM538121 . 



Table 1. Operation Cycles of the Hl\/I538121 



Input Level at the Falling 
Edge of RAS 


Operation Cycle 


CAS 


DT/OE 


WE 


SE 




H 


H 


H 


X 


RAM Read/Write 


H 


H 


L 


X 


Mask Write 


H 


L 


H 


X 


Read Transfer 


H 


L 


L 


H 


Pseudo Transfer 


H 


L 


L 


L 


Write Transfer 


L 


X 


X 


X 


CBR Refresh 



NOTE: 



: Don't care. 



CAS (input pin): Col umn addres s is put into chip 
at the falling edge of CAS. CAS controls output 
impedance of I/O in RAM. 

Aq-As (input pins): Row address is de termined 
by Aq-As level at the falling edge of RAS. Column 
addres s is de termined by Ao-Ay level at the falling 
edge of CAS. In transfer cycles, row address is the 
address on the word line which transfers data with 
SAM data register, and column address is the SAM 
start address after transfer. 

WE (input pin): WE pin has two functions at the 
falling edge of RAS and after. When WE is low at 



the falling edge of RAS, the HM538121 turns to 
mask write mode. According to the I/O leve l at the 
time, write on eac h I/O c an be masked. (WE level at 
the falling edge of RAS is don't care in rea d cycl e.) 
When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE 
switches read/write cycles as in a standard DRAM. 
In a transfer cycle, the direction of trans fer is 
determined by WE level at the falling edge of RAS. 
When WE is low, data is transferred from S AM to 
RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is 
read from RAM). 

I/O0-I/O7 (input/output pins): I/O pins function 
as mask data at the falling edge of RAS (in mask 
write mode). Data is written only on high I/O pins. 
Data on low I/O pins are masked and internal data 
are retained. After that, they function as 
input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin func tions as DT 
(data transfer) pin at the falling edge of RAS and as 
OE (output enable) pi n afte r that. When DT is low 
at the falling edge of RAS, this cycle becomes a 
transfer cycle. When DT is high at the falling edge 
of RAS, RAM and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a 
serial read cycle, data is output from an SI/0 pin 
synchronously with the rising edge of SC. In a 
serial write cycle, data on an SI/0 pin at the rising 
edge of SC is put into the SAM data register. 

SE (input pin): SE pin activates SAM. When SE 
is high, SI/0 is in the high impedance state in serial 
read cycle and data on SI/0 is not put into the SAM 
data register in serial write cycle. SE can be used 
as a mask for serial write because internal pointer 
is incremented at the rising edge of SC. 
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Sl/Oo-SI/Oy (input/output pins): Sl/Os are input/ 
output pins in SAi\/l. Direction of input/output is de- 
termined by the previous transfer cycle. When it was 
a read transfer cycle, SI/0 outputs data. When it was 
a pseudo transfer cycle or write transfer cycle, SI/0 
inputs data. 

OPERATION OF HM538121 

Operation of RAM Port 

RAM Read cycle (DT/OE high, CAS high, at the fall- 
ing edge of PAS) 

Row address is entered at th e RAS falling edge 
and column address at the CAS falling edge to the 
devi ce as in standard DR AM. T hen, when WE is high 
and DT/OE is low while CAS is low, the selected 
addres s data is outp ut th rough I/O pin. At the falling 
edge of RAS, DT/OE and CAS become high to distin- 
guish RAM read cycle from transfer cycle an d CB R 
refresh cycle. Address access time (tAA) and RAS to 
column address delay time (tpAo) specifications are 
added to enable high-speed page mode. 

RAM Write Cycle ( Early W rite, Dela yed Write, 
Read-Modify-Write) (DT/OE high, CAS high at the 
falling edge of RAS) 

• Normal Mode Write Cycle (WE high at the falling 
edge of RAS) 

When CAS and WE are set low after RAS is set 
low, a write cycle is executed and I/O data is written 
at the selected addresses. When all 8 l/Os are wr it- 
ten, WE should be high at the falling edge of RAS to 
distinguish normal mode from mask write mode. 

If WE is set low before the CAS falling edge, this 
cycle becomes an early write cycle and I/ O be comes 
high impedance. Data is entered at the CAS falling 
edge. 

If WE is set low after the CAS falling edge, this 
cycle becomes a delayed write cycle. Data is input at 
the WE falling edge. I/O does not become high impe- 
dance In this cycle, so data should be entered with 
OE in high. 

If WE i s set low after tcwD (min.) and tAWD (mln.) 
after the CAS falling edge, this cycle becomes a 
read-modify-write cycle and enables write after read 
to execute in the same address cycle. In this cycle 
also, to avoid I/O contention, data should be input 
after reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of 
RAS 

If WE is set low at the falling edge of RAS, the 
cycle becomes a mask write mode cycle which 
writes only to selected I/O. Whether or not an I/O is 
written depe nds on I/O level (mask data) at the falling 
edge of RAS. Then the data is written in high I/O pins 
and masked in low ones and internal data Is pre- 



served. This mask data is effective during the RAS 
cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT/OE high, CAS 
high at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the ran- 
dom read/write cycle and is higher than the standard 
page mode cycle by 70-80%. This product is based on 
static column mode, therefore, address access time 
(^aa). RAS to col umn a ddress delay time (Irad). and 
acc ess ti me from CAS precharge (tACp) are added. In 
one RAS cycle, 256-word memory cells of the same row 
address can be accessed. It is necessary to specify 
access frequency within tRAS max. (10 (is). 

• Transfer Operation 

HM538121 provides the read transfer cycle, 
pseudo transfer cycle, and write transfer cycle as 
data tra nsfer cy cles. These transfer cycl es are set by 
driving DT/OE low at the falling edge of RAS. 
They have following functions: 

(1) Transfer data between row address and SAM 
data register (except for pseudo transfer 
cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM -> SAM 

(b) Write transfer cycle: RAM <- SAM 

(3) Determine input or output of SAM I/O pin (SI/0) 

Read transfer cycle: SI/0 output 
Pseudo transfer cycle, write transfer cy- 
cle: SI/0 input 

(4) Determine first SAM address to access (SAM 
start address) after transferring at column ad- 
dress. When S AM start address is not 
changed, neither CAS nor address need to be 
set because SAM start address can be latched 
internally. 

Read Transfer Cycle (CAS high. DT/OE low, WE 
high at the falling edge of RAS) 

This cycle becomes read transfer cycle by s etting 
DT/OE low and WE high at the falling edge of RAS. 
The row address data (256 x 8 bit) determined by 
thi s cycle is transferred synchrono usly at the rising 
of DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address de- 
cided by column address. 

This cycle can execute SAM access serially even 
during transfer (real time read transfer). In this case, 
the timing tspo (min.) is specifi ed betw een the last 
SAM access before transfer and DT/OE rising edge, 
andJsDH (min.) between the first SAM access and 
DT/OE rising edge (see figure 1). 
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RAS 


/ 








CAS 


\ 


y 


Address A__ ^' A Yj 


K 


DT/OE \ L 








. 


L 




tsoo 


\ 


"A - 


^\U\U 


si/o A 


I I 




A }[ r, f[ Yi+1 




SAM Data Before Transfer 




SAM Data After Transfer 


r 



Figure 1. Real Time Read Transfer 
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If read transfer cycle is executed, SI/0 becomes 
output state. When the previous transfer cycle is ei- 
ther pseudo transfer cycle or write transfer cycle and 
SI/0 is in input state , unc ertain data is output after 
tpLz (min.) after the RAS falling edge. Before that, 
input should be set high impedance to avoid data 
contention. 



Pseudo Transfer Cycle (CAS high, D T/OE low, WE 
low, and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching 
SI/0 from output state to input state because data in 
RAM isn ' t re written. This cycle starts when CAS is 
high, DT /OE l ow, WE low, and SE high, at the falling 
edge of RAS. The output buffer in SI/0 becomes 
high impedance within tspz (max.) from the RAS fall- 
ing edge. Data should be input to SI/0 later than tsio 
(min.) to avoid data contention. SA M ac cess be- 
comes enabled after tsRo (min.) after RAS becomes 
high . In this cycle, SAM access is inhibited during 
RAS low, therefore, SC should not be raised. 

Write Transfer Cycle (CAS high, DT/OE low, WE 
low, and SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data 
input by serial write cycle to RAM. The row address 
of data transferred into RAM is de termined by the 
address at the falling edge of RAS. The column ad- 
dress is specified as the first address to serial write 
after terminating this cycle. Also in this cycle, SAM 
access becomes enabled after tsRo (min.) after RAS 
becomes high. SAM access is inhibited during RAS 
low. In this period, SC should not be raised. 

■ SAM PORT OPERATION 
• Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is syn- 
chronized with SC rising, and SAM data is output 
from SI/0. If SE is set high SI/0 becomes high impe- 
dance and internal pointer is incremented at the SC 
rising edge. 



• Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SI/0 data is programmed into data 
register at^the SC rising edge like in the serial read 
cycle. If SE is high, SI/0 data isn't input into data regis- 
ter Internal pointer is incremented according to the SC 
rising edge, so SE high can mask data for SAM. 

■ REFRESH 

• RAM Refresh 

RAM, which is composed of dynamic circuits, re- 
quires refresh to retain data. Refresh is performed by 
accessing all 512 row addre sses every 8 ms. There 
ar e thre e refre sh cy cles: (1) RAS-only refresh cycle, 
(2) CAS-before RAS (CBR) refresh cycle, and (3) Hid- 
den refr esh c ycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row ad- 
dresses every 8 ms. 

RAS-Only Refresh Cy cle: R AS-only cy cle is per- 
formed by activating only RAS cycle with CAS fixed 
to high by inputting the row address ( = refresh ad- 
dress) from external circuits. In this cycle, output is 
high-impedance and power dissipation i s less than 
that of normal read/write cycles because CAS inter- 
nal circuits don't operate . To dis tinguish this cycle 
from data transfer cycle , DT/OE should be high at 
the falling edge of RAS. 

CBR Refresh Cycl e: CB R refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh ad- 
dress need not to be input through external circuits 
because it is input through an internal refresh 
counter. In this cycle, output is in high i mpeda nce 
and power dissipation is low ered like in RAS-only 
refresh cycles because CAS circuits don't operate.. 

Hidden Refresh Cycle: Hi dden refres h cycle per- 
form s refresh by reactivating RAS when DT/OE and 
CAS keep low in normal RAM read cycles. 

• SAM Refresh 

SAM parts (data register, shift register, selector), or- 
ganized as fully static circuitry, don't require refresh. 
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ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage(0 


Vt 


-1.0 to +7.0 


V 


Power Supply Voltage(0 


Vcc 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


'^stg 


-55 to +125 


°C 



NOTE: 



1. Relative to Vss- 



RECOMMENDED DC OPERATING CONDITIONS (Ta = to 70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage(i) 


Vcc 


4.5 


5.0 


5.5 


V 


Input High VoltageC) 


VlH 


2.4 


— 


6.5 


V 


Input Low VoltageC) 


ViL 


-0.5(2) 


— 


0.8 


V 



NOTES: 1. All voltages referenced to Vss- 
2. -3.0V for pulse width < 10ns. 



■ DC CHARACTERISTICS (T^ = to 70°C, Vcc = 5V ± 10%, Vss 


= 0V) 














Item 


Symbol 


Test Conditions 


HM538121-10 


HM538121-12 


HM538121-15 


Unit 


RAM Port 


SAM Port 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




hc\ 


RAS, CAS Cycling 


SC, Sl = V,H 


- 


70 


- 


60 


- 


50 


mA 


Operating Current 


ICC7 


Sl = V,L, SC Cycling 


~ 


120 


- 


100 


- 


80 


mA 




ICC2 




SC, Si = v,H 


- 


7 


- 


7 


- 


7 


mA 


Standby Current 


ICC8 


RAS, CAS == V,H 


si = V,L, SC Cycling 
tscc = Min- 


- 


50 


- 


40 


- 


30 


mA 


RAS-Only Refresh 
Current 


ICC3 


RAS Cycling 


SC, SE = V,H 


- 


60 


- 


50 


- 


40 


mA 


IcC9 


CAS = V,H 
tf^Q = Min. 


SE = V,L, SC Cycling 
tscc ~ ^i"- 


- 


110 


- 


90 


- 


70 


mA 




ICC4 


CAS Cycling 


SC, SE = V,H 


- 


65 


- 


55 


- 


45 


mA 


Page Mode Current 


'ccio 


RAS = V,LtRc = 
Min. 


SE = V,L, SC Cycling 
tscc = Min- 


- 


115 


- 


95 


- 


75 


mA 


CAS-Before-RAS Refresh 
Current 


Ices 


RAS Cycling 


SC, SE = V,H 


- 


60 


- 


50 


- 


40 


mA 


^CCII 


SE = V,L, SC Cycling 
tscc ~ Min. 


- 


110 


- 


90 


- 


70 


mA 




ICC6 


RAS, CAS Cycling 
^Rc ~ ^i*^- 


SC,SE = V,H 


- 


90 


- 


90 


- 


90 


mA 


Data Transfer Current 


^CC12 


SE = V,L, SC Cycling 
tscc ~ Min. 


- 


125 


- 


125 


- 


125 


mA 


Input Leakage Current 


kl 




-10 


10 


-10 


10 


-10 


10 


liA 


Output Leakage Current 


Ilo 




-10 


10 


-10 


10 


-10 


10 


M 


Output High Voltage 


Vqh 


Iqh = -2mA 


2.4 


- 


2.4 





2.4 


- 


V 


Output Low Voltage 


Vol 


Iql = 4.2mA 


- 


0.4 


- 


0.4 


- 


0.4 


V 
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CAPACITANCE (T^ = 25°C, Vcc = 5V, f = IMHz, Bias: Clock, I/O = Vcc, address = Vss) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Address 


Ci, 


— 


— 


5 


pF 


Clocks 


Cl2 


— 


— 


5 


pF 


I/O, SI/O 


Ci/o 


— 


— 


7 


pF 



■ AC CHARACTERISTICS (T^ = to 70°C, Vcc = 5V ± 10%, Vss = OV) (0, dD 
• Test Conditions 



• Input Rise and Fall Time: 5ns 

• Output Load: See Figures 



' Input Timing Reference Levels: 0.8V, 2.4V 
• Output Timing Reference Levels: 0.4V, 2.4V 



Output Load A 





Output Load B 



*Including scope and jig. 

• Common Parameter 




Parameter 


Symbol 


HM538121-10 


HM538121-12 


HM538121-15 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


190 


— 


220 


— 


260 


— 


ns 




RAS Precharge Time 


^RP 


80 


— 


90 


— 


100 


— 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


35 


10000 


40 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


15 


— 


15 


— 


20 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tcAH 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


25 


70 


25 


85 


30 


no 


ns 


5,6 


RAS Hold Time 


tRSH 


30 


— 


35 


— 


40 


— 


ns 




CAS Hold Time 


k:sH 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


8 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


toTS 





— 





— 





— 


ns 




DT to RAS Hold Time 


^DTH 


15 


— 


15 


— 


20 


— 


ns 




Data-in to OE Delay Time 


^DZO 





— 





— 





— 


ns 




Data-in to CAS Delay Time 


tozc 





- 





- 





- 


ns 
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• Read Cycle (RAM), Page Mode Read Cycle 



Parameter 


Symbol 


HM538121-10 


HM538121-12 


HM538121-15 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From RAS 


tRAC 


— 


100 


— 


120 


- 


150 


ns 


2,3 


Access Time From CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time From OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


Ua 


— 


45 


— 


55 


— 


70 


ns 


3,6 


Output Buffer Turn Off Delay 
Referenced to CAS 


tOFFl 





25 





30 





40 


ns 


7 


Output Buffer Turn Off Delay 
Referenced to OE 


toFF2 





25 





30 





40 


ns 


7 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 





— 


ns 


12 


Read Command Hold Time 
Referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 


12 


RAS to Column Address Delay Time 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


15 


— 


20 


— 


ns 




Access Time From CAS Precharge 


Ucp 


— 


50 




60 


~ 


75 


ns 




• Write Cycle (RAM), Page Mode Write Cycle 


Parameter 


Symbol 


HM538121-10 


HM538121-12 


HM538121-15 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


9 


Write Command Hold Time 


twcH 


25 


— 


25 


— 


30 


- 


ns 




Write Command Pulse Width 


twp 


15 


~ 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


30 


— 


35 


— 


40 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


30 


— 


35 


— 


40 


— 


ns 




Data-in Setup Time 


tos 










— 





- 


ns 


10 


Data-in Hold Time 


^DH 


25 




25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


twH 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 




15 


— 


20 


— 


ns 




OE Hold Time 
Referenced to WE 


tOEH 


10 


- 


15 


- 


20 


- 


ns 




Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


80 


- 


ns 




CAS Precharge Time 


tcp 


10 


— 


15 


— 


20 


- 


ns 
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• Read-Modify-Write Cycle 



Parameter 


Symbol 


HM538121-10 


HM538121-12 


HM538121-15 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Modify Write Cycle Time 


tRWC 


255 


— 


295 


— 


350 


— 


ns 




RAS Pulse Width 


tRWS 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE Delay 


tcwD 


65 


— 


75 


— 


90 


— 


ns 


9 


Column Address to WE Delay 


tAWD 


80 


— 


95 


— 


120 


— 


ns 


9 


OE to Data-in Delay Time 


k)DD 


25 


— 


30 


— 


40 


— 


ns 




Access time from RAS 


^RAC 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time from OE 


toAC 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


tAA 


— 


45 


— 


55 


— 


70 


ns 


3,6 


RAS to Column Address Delay 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Output Buffer Turn-Off Delay 
Referenced to OE 


toFF2 





25 





30 





40 


ns 




Read Command Setup Time 


^RCS 





— 





— 





— 


ns 




Write Command to RAS Lead Time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write Command to CAS Lead Time 


k:wL 


30 


— 


35 


— 


40 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


^DS 





— 





— 





— 


ns 


10 


Data-in Hold Time 


toH 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— J 


ns 




Mask Data to RAS Hold Time 


^MH 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced to WE 


k)EH 


10 


- 


15 


- 


20 


- 


ns 






• Refresh Cycle 




















Parameter 


Symbol 


HM538121-10 


HM538121-12 


HM538121-15 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time (CAS-Before-RAS Refresh) 


tcsR 


10 


— 


10 


— 


10 


— 


ns 




CAS Hold Time (CAS-Before-RAS Refresh) 


k:HR 


20 


— 


25 


— 


30 


— 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 
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Transfer Cycle 



Parameter 


Symbol 


HM538121-10 


HM538121-12 


HM538121-15 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


twH 


15 


— 


15 




20 


— 


ns 




SE to RAS Setup Time 


tES 





— 










— 


ns 




SE to RAS Hold Time 


tEH 


15 


— 


15 


— 


20 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


30 


— 


35 


— 


ns 




SC to RAS Setup Time 


tsRS 


30 


— 


40 


— 


45 


— 


ns 




DT Hold Time from RAS 


tRDH 


TBD 


— 


TBD 


— 


TBD 


— 


ns 




DT Hold Time from CAS 


tcDH 


20 


— 


30 


— 


45 


— 


ns 




Last SC to DT Delay Time 


tsDD 


5 


— 


5 


— 


10 


— 


ns 




First SC to DT Hold Time 


tsDH 


TBD 


— 


TBD 


— 


TBD 


— 


ns 




DT to RAS Lead Time 


toTL 


50 


— 


50 


— 


50 


— 


ns 




DT Hold Time Referenced to RAS High 


^DTHH 


20 


— 


25 


— 


30 


— 


ns 




DT Precharge Time 


^DTP 


30 


— 


35 


— 


40 


— 


ns 




Serial Data Input Delay Time from RAS 


tsiD 


50 


— 


60 


— 


75 


— 


ns 




Serial Data Input to RAS Delay Time 


tsZR 


— 


10 


— 


10 


— 


10 


ns 




Serial Output Buffer Turn-Off Delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


75 


ns 


7 


RAS to Sout (Low Z) Delay Time 


tRLZ 


5 


— 


10 


— 


10 


— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tsCA 


— 


30 


— 


40 


— 


50 


ns 


4 


Serial Data Out Hold Time 


tsOH 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tsiH 


15 


— 


20 


— 


25 


— 


ns 




• Serial Read Cycle 


Parameter 


Symbol 


HM53{ 


^121-10 


HM53^ 


J121-12 


HM53J 


5121-15 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tscA 


— 


30 


— 


40 


— 


50 


ns 


4 


Access Time from SE 


tsEA 


— 


25 


— 


30 


— 


40 


ns 


4 


Serial Data-Out Hold Time 


tsOH 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 




10 


_ 


ns 




Serial Output Buffer Turn-Off Delay from SE 


tSEZ 





25 





25 





30 


ns 


7 
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• Serial Write Cycle 




















Parameter 


Symbol 


HM538121-10 


HM538121-12 


HM538121-15 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tsiH 


15 


— 


20 


— 


25 


— 


ns 




Serial Write Enable Setup Time 


tsws 





— 





— 





— 


ns 




Serial Write Enable Hold Time 


tsWH 


30 


— 


35 


— 


50 


— 


ns 




Serial Write Disable Setup Time 


tswis 





— 





— 





— 


ns 




Serial Write Disable Hold Time 


tsWIH 


30 


— 


35 


— 


50 


— 


ns 





NOTES: 1 . AC measurements assume tT=5ns. 

2. Assumes that Ircd ^ tRCD (max) and Irad ^ Irad (max). If tRco or Irad is greater than the maximum 
recommended value shown in this table, Irac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Measured with a load circuit equivalent to 2 TTL loads and 50pF. 

5. When Ircd ^ Ircd (max) and Irad ^ Irad (max), access time is specified by tcAC- 

6. When tRCD ^ Ircd (max) and Irad ^ Irad (max), access time is specified by Iaa- 

7. toFF (max) is defined as the time at which the output achieves the open circuit condition (Voh - 200m V, Vol + 
200mV). 

8. ViH (min) and Vil (max) are reference levels for measuring timing of input signals. Transition times are measured 
between Vih and Vil. 

9. When twcs ^ twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. When tAWD ^ Iawd (min) and tcwD 2: tcwD (min), the cycle is a read-modify- write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, 
impedance on I/O pins is controlled by OE. 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or 
read-modify-write cycles. 

1 1 . After power-up, pause for 100 [is or more and execute at least 8 initialization cycles (normal memory cycles or 
refresh cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is guaranteed. 
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■ TIMING WAVEFORMS 
• Read Cycle 



RaS 



CAS 



IX. 



:^:=i--\ 



m 7. 



I/O 
(Output) 



I/O 
(Input) 



)><m 



\r±l 



WMMLK. 



'/ 



^ mmi/Mi/m. 



< 



^^^ w mwm . imm v/^-. 



y jjmm 



Early Write Cycle 



w^ 



'^m 



Address '/^ Row 



^: 



:^: 



'. A^^ \ 



Nc==r;/r 



^ »C3^ 



(Input) U^ 



I/O 
(Output) 



^/?5r 



^ 



\ m////////m 



^jfm^mfmMMiMA 



High-Z 



^^ ^//////////////////////mwA 



: Don't care. 



NOTE: 1 . When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 
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Delayed Write Cycle 



w§ 



ZaS 



Address 



m 

toi 



X 



■A 



'A ^-^^r-MTTTrmilWIIIIIIIIIh 



irr/OT 



■mik±^mimMiL 



I VlllllllllllllllllllIWi 



„z vnnw^^EEExmm^m 



I/O 
(Output)" 



High-Z 



Y//X • Don't care. 



NOTE: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 

• Read-Modify-Write Cycle 



RAS 



^t 



'^Tf 



-15^5— J S=. 



"WE 



;o<: 



Column 



twH , tRCS 






:,^G^ 



(Input) 



I/O 
(Output) ■ 



dt/st 



W 



/ 



mhj 




^=K 



¥////////////////////// 



Valid 
Din 



/ Valid \ 



wmmm. 



WII///////I/. 



w//////////, 

Y//X '■ Don't care. 



NOTE: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 
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• Page Mode Read Cycle 



RAS 



CAS 



WE 



mm. 



I/O . 
(Output) 



/ tc. 



('"P"*> / //// -to" 



"DT/or ^ 



7 






I MtdCS tRCH-J -*ffJtRCS UltRCH UtRCS I t rcm t**"] *""" 



toAC tofF2 



m 



- L ■■ ,. . .: >. 



WF 



tusH- 



7 



/ Valid ^ 
^ c Pout / 



TTJr-^ ':' FtttttK. FmfK : 



W 



vm 



-<-^ 



Oout 



I 



Y/A '• Don't care. 



Page Mode Write Cycle (Early Write) 



\ 



CSS 



*^=\_ 



V 



•^ 7^. *\ M'. 



I/O 
(Input) 



I/O 



*1 



(Output) , , 

■^ tOT» toTH 



:s__/ 



2)<33{~i^^}l3*^^S!ZSZZZZZ 



- ^^^^ - 



:!i3!3^^C 



tcA> U-iS 



^^ 



Valid 
Din 



Isi 



. ^^77777. 



:>^7)03^^ 



High-Z 



-"^ /k V//////////////////////////////////// 

Y/A : Don't care. 



NOTE: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 
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• Page Mode Write Cycle (Delayed Write) 



RS5 



CSS 



A 



twCD . . _ tcA« 



'\ 



"WE 



J 



(Inpul 

I/O 
(Output) t^, 






:r:\ 



— z>(3©^zz^e<szz&zzz^^z 

twS ItwM [■ ^ *l *CWL I* H ^CWl p Wil tcWL I 



^FT^777Z\ ,/777Z7;v /TTTTk" J/////////. 




.:s. i^ZxM>w(iimMmimmiiimniL 



High-Z 



^/(jr 



V////////// 



I Don't care. 



NOTE: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 



• RAS-Only Refresh Cycle 



W^ 



M 



tcup 



CAS 7 



_1ras_ 



^, 



V 



vinniii 



Address 



I/O 
(Output) 



I/O 
(Input) 



15T/5r 



v^Y ^/iiii/niniiiiiiiiiii 



JT 



4iiiiiiiiiiiiiiiiiinih 



Miiii/iiimiiiniiih 



Y/A ' Don't care. 
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• CAS-Before-RAS Refresh Cycle 



RAS 



/ ^t 



J7- 



V 



Address 



"WE 



I/O 
(Input) 

I/O 
(Output) 

DT/OT 



///////////////////////////, 



High-Z 



\ Don't care. 



Hidden Refresh Cycle 



CAS 



■i^^ 



«... T^^^l^-^// //////////////////, 



- um 



I/O . 
(Output) 



--rr^: 



I/O 
.Input) 



■z:^^ 



-_ ^^ 



Valid Data Out 



j 



I 



High-Z 



Y/A '- Don't care. 
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Read Transfer Cycle (1) (i). (2) 



TISS" 



US t,, 



£ 



Address /T Row 



■WT 



I/O 
(Output) 



^z^Smmmiiiniin. 



^ {iiiiiiiiiiiiiniiiiiiiiiiiii. 



T 



u '//iiiiiii/ii/i/nniij//i/iiiii miL 



(Input) 



"UT/or 



^ 



;:sP 



'mm 



SI/0 
(Input) 




[^ t»cA Previous Row *■ | I » New Row 



High-Z 



X//X '• Don't care 



NOTES: 1 . When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 

2. SE is in low level. (When SE is high, SI/O becomes high impedance). 

3. CAS and SAM start address don't need to be specified every cycle if SAM start address is not changed, 

• Read Transfer Cycle (2) (i)> (2) 



1W5 
CR5 



3: 



w ']\^ 



(Output) ' 



LJ£! 



miMi mi 



umn 



iz iiinviiiniiijunitniinii 






T5T/Cr 



x 



SI/0 
(Output) 



t 






I t$c^ ■ ■■ 



Sl/O f vahd 
(Input) / ^ Sin 



\ 



;G5 



f^/Z^ : Don't care 

KXXI ■ Inhibit rising transient 



NOTES: 1 . When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 

2. SE is in low level. (When SE is high, SI/0 becomes high impedance). 

3. CAS and SAM start address don't need to be specified every cycle if SAM start address is not changed. 
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• Pseudo Transfer Cycle 






£ 



WE 



a 



toTS 



SI/0 
(Input) 



SI/0 
(Output) 



3o: 



y 



■V. 



iiiiiiniiiimiifTfTTi 



yiiiiiiiiiiiiiiiii'iiiiiiiiiiiiiih 



■. iiiiiiiiiiiiiii'iiiiiimiiiiiiiii 



^sc '* , t$ci» * ticc *" 






r^mnmnDZjszxmK 



}^^ 



Y//A '• Don't care 
KX)C • Inhibit rising transient 
I/O : Don't care 



NOTE: 1 . CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

• Write Transfer Cycle 



TaS 



Ca5 



Address 'M 

tws 



m/UE 



w 



2, 



m 



yzn^ZK 



^ iiiiiiiiiiiiiiiiiiiimiii 



"f j-inuiniiiuiiinniiiiiiiiiini i 



■ 'iiiiiiiiiiiiriiiiiiiiiiiiiimiiih 



. I ' L i-l Ui *«CC aJ 




(Input) 

SI/0 
(Output) 



fz ^lE^ummnmzjMziminK 



^z=z>^:=^ f \ 



High-Z 



I : Don't care 

j : Inhibit rising transient 



NOTE: 1 . CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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• Serial Read Cycle 



ws 



^m //////////// //TjjiTTm viiimnii 



f 



'w 



sc 



J 



SI/0 
(Output) 



_tscc_ 



J 



ym: 



\ 



(n) 



\ 



Valid 
Sout 



ST* 



(n + l)]^ 



Valid 
Sout 



mi 



(n+2) 

tsOH 



Valid 
Sout 



yy/} : Don't care. 



• Serial Write Cycle 



"RA§ 



WOT iiiijiiiimiiiniiiik iiiiiinni 



X 



r 



^ 



\ 

■;— tswH-«H ^ 






tswm 3- 



M^HBHWMIM^ ^ sec I ■ I ^ L sec 4 paMMMMMNM* ^H^H» 

tsc , t j^ tscp , j „ tsc7 l| ^ ^scp r tsc ^t / 



(^0 ^i:ZXZ2)S<ZZZZZZZZZ2>^g^ZZKZ 

^1 ll tsiH^' tsiS tsiH 



Y/A ' Don't care. 



NOTES: 1 . When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address is accessed next to address 255. 
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MOS Dynamic RAM 
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HIVIS0464 Series 



65536-word x 4-bit Dynamic Random Access Memory 

■ FEATURES 

• Page mode capability 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low power: 350 mW active, 20 mW standby 

• High speed: Access Time 120ns/150ns/200ns 

• Output data controlled by CAS or 5E 

• TTL compatible 

• 256 refresh cycles 4 ms 

• 3 variations of refresh RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM50464P-12 
HM50464P-15 
HM50464P-20 


120ns 
150ns 
200ns 


300 mil 18 pin 
Plastic DIP 


HM50464CP-12 
HM50464CP-15 
HM50464CP-20 


120ns 
150ns 
200ns 


18 pin PLCC 



HM50464P Series 



# 



(DP-18B) 



HM50464CP Series 



^Jf 



(CP-18) 



PIN ARRANGEMENT 

• HM50464P Series 



■ BLOCK DIAGRAM 



I/O I/O I/O I/O 
12 3 4 



Y 
BuKer 




MciMtn- Arrav 

3 



I Refresh AJJr.'ss | 

I friyttr . — I 



• HM50464CP Series 

I/OlOEl^s2/04 
Index Corner 



'2 1 18 17 



WE [4 
RASCS 
A6C6 
As [7 



14 



12 



16 3 CAS 
15 ] 1/03 
]Ao 



13]Ai 



]A2 




(Top View) 



A4 Vcc At A3 
(Top View) 



Ao-A, 


Address Inputs 


CAS 


Column Address Strobe 


I/Ol - 
I/04 


Data In/ Data Out 


OE 


Output Enable 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power i-^SW) 


yss 


Ground 


A0-A7 
(Row) 


Refresh Address Inputs 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on any pin relative to Vgs 


Vr 


-Ito +7 


V 


Supply Voltage relative to K55 


Vcc 


-1 to +7 


V 


Operating Temperature (Ambient) 


Topr 


to +70 


•c 


Storage Temperature (Ambient) 


Tslg 


-55 to +125 


''c 


Power Dissipation 


Pt 


1.0 


w 


Short Circuit Output Current 


lout 


50 


mA 



■ RECOMMENDED DC OPERATING CONDITION {Ta = to +70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input High Voltage 


VlH 


2.4 


- 


6.5 


V 


Input Low Voltage 


ViL 


-1.0 


- 


0.8 


V 



Note) All voltage referenced to V^s- 

■ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, 7fl = to +70°C) 





Symbol 


HM 50464- 12 


HM 50464- 15 


HM 50464-20 


Unit 


Note 




min. 


max. 


mm 


max. 


mm. 


max. 


Operating Current (r/j(7= mm ) 


^CCl 


- 


'83 


- 


70 


- 


55 


mA 


1 


Standby Current (RAS = K///. Dout = Disable) 


/CC2 


- 


4.5 


- 


4.5 


- 


4.5 


mA 




Refresh Current (RAS only refresh, r^j^ = mm.) 


/CC3 


- 


62 


- 


53 


- 


42 


mA 




Standby Current (RAS = Vjy], Dout = Enable) 


/CC5 


- 


10 


- 


10 


- 


10 


mA 


1 


Refresh Current (CAS before RAS refresh, t^c = """•) 


/CC6 


- 


69 


- 


58 


- 


45 


mA 


1 


Operatmg Current (Page mode, tpc = mm ) 


/CC7 


- 


57 


- 


48 


- 


37 


mA 


1 


Input Leakage Current (0 < Vm < 7V) 


hi 


-10 


10 


-10 


10 


-10 


10 


mA 




Output Leakage Current (0 < Vout < 7V, Dout = Disable) 


Jlo 


-10 


10 


-10 


10 


-10 


10 


mA 




Output High Voltage (/out = -5 mA) 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage (lout = 4 2 mA) 


Vol 





0.4 





0.4 





0.4 


V 





Note) 



1 . 7(7(7 depends on output loading condition when the device is selected, 7(7(7 max. is specified at the output open 
condition. 




CAPACITANCE {Vcc = 5V ± 10%, Ta = 25°C) 



Parameter 


Symbol 


typ. 


max. 


Unit 


Note 


Input Capacitance 


Address 


cn 


- 


5 


PF 


1 


RAS, CAS, WE. OE 


cn 


- 


10 


PF 


1 


Output Capacitance 


Data In/Data Out 


Clio 


- 


10 


pF 


1,2 



Notes) 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = K/// to disable Dout. 

■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

{Vcc = 5V ± 10%, Vss = OV, Tfl = to +70°C) 



Parameter 


Symbol 


HM50464-12 


HM50464-15 


HM50464-20 


Unit 


Note 


min 


max 


min. 


max. 


min. 


max. 


Access Time from RAS 


fRAC 


_ 


120 


- 


150 


- 


200 


ns 


2.3 


Access Time from CAS 


tCAC 


- 


60 


- 


75 


- 


100 


ns 


3.4 


Output Buffer Turn-off Delay referenced to CAS 


^OFFl 


- 


30 


- 


40 


- 


50 


ns 


5 


Transition Time (Rise and Fall) 


tr 


3 


50 


3 


50 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


tRC 


220 


- 


260 


- 


330 


- 


ns 




RAS Precharge Time 


tRP 


90 


- 


100 


- 


120 


- 


ns 




RAS Pulse Width 


fRAS 


120 


10000 


150 


10000 


200 


10000 


ns 




CAS Pulse Width 


fCAS 


60 


10000 


75 


10000 


100 


10000 


ns 




RAS to CAS Delay Time 


fRCD 


25 


60 


25 


75 


30 


100 


ns 


7 


RAS Hold Time 


fRSH 


60 




75 


_ 


100 


_ 


ns 




CAS Hold Time 


fCSH 


120 


- 


150 


- 


200 


- 


ns 




CAS to RAS Precharge Time 


fCRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


USR 





- 





- 





- 


ns 




Row Address Hold Time 


fRAH 


15 


- 


15 


- 


20 


- 


ns 





(to be continued) 

HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 591 



HM50464 8oriM- 



Parameter 


Symbol 


HM50464-I2 


HM50464.I5 


HM50464.20 


Unit 


Note 


min. 


max. 


min. 


max, 


min. 


max. 




Column Address Sctnip Time 


tASC 





- 





_ 





- 


ns 




Column Address Hold Time 


^CAH 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time referenced to RAS 


tAR 


80 


- 


100 


- 


130 


- 


ns 




Write Command Set-up Time 


twcs 





_ 





- 





- 


ns 


•8 


Write Command Hold Time 


fWCH 


40 


_ 


45 


_ 


55 


- 


ns 




Write Command Hold Time referenced to RAS 


fWCR 


100 


„ 


120 


- 


155 


- 


ns 




Write Command Pulse Width 


fwp 


40 


- 


45 


- 


55 


_ 


ns 




Write Command to RAS Lead Time 


tRWL 


40 


_ 


45 


- 


55 


- 


ns 




Write Command to CAS Lead Time 


fCWL 


40 


- 


45 


- 


55 


- 


ns 




Data-in Set-up Time 


Ids 





_ 





- 





_ 


ns 


9 


Data-in Hold Time 


tDH 


40 


- 


45 


- 


55 


- 


ns 


9 


Data-in Hold Time referenced to RAS 


fDHR 


100 


- 


120 


- 


155 


- 


ns 




Read Command Set-up Time 


fRCS 





- 





- 





- 


ns 




Read Command Hold Time referenced to CAS 


fRCH 





- 





- 





- 


ns 




Read Command Hold Time referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


tREF 


- 


4 


- 


4 


- 


4 


ms 




Read-Write Cycle Time 


fRWC 


305 




360 


- 


450 


- 


ns 




CAS to WE Delay Time 


tCWD 


100 




125 


- 


160 


- 


ns 


8 


ITaS to W Delay Time 


fRWD 


160 


- 


200 


- 


260 


- 


ns 


8 


CaS Precharge Time 


fCPN 


50 


- 


60 


- 


80 


- 


ns 




CM Set-«p Time (1!aS before RAS refresh) 


fCSR 


10 


- 


10 


- 


10 


- 


ns 




^Ai Hold Time ((!!aS before kAt refresh) 


fCHR 


120 


_ 


150 


- 


•200 


- 


ns 




kAS Precharge to CAS Hold Time 


tRK 





- 





- 





- 


ns 




Access Time from 6E 


fOAC 


- 


30 


- 


35 


- 


45 


ns 




Output Buffer Turn-off Delay referenced to OE 


tOFFl 


- 


30 


- 


40 


- 


50 


ns 




<5E to Data-in Delay Time 


fODD 


30 


- 


40 


- 


50 


- 


ns 




OE Hold Time referenced to WE 


tOEH 


25 


- 


30 


- 


40 


- 


ns 




Page Mode Cycle Time 


tpc 


120 


~ 


145 


- 


190 


- 


ns 




CAS Precharge Time (for Page-mode Cycle Only) 


tCP 


50 




60 


- 


80 


- 


ns 




CAS Readnnodify-write Cycle Time (Page-mode) 


fPCM 


205 




245 


- 


310 


- 


ns 





Notes) 

1 . AC measurements assume r y = 5ns. 

2. Assume that Xrcd ^ ^RCD (max). If t^iCD is 
greater than the maximum recommended value 
shown in this table, tfi^c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL 
loads and lOOpF. 

4. Assumes that tj^co ^ tRCD (max). 

5. tQFF (max) is defined as the time at which the 
output achieves the open circuit condition and is not 
referenced to output voltage levels. 

6. ViH (min) and Vn^ (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between K/// and K/£,. 

7. Operation with the //^CD (max) limit insures that 
^RAC (max) can be met, f/j^^jj (max) is specified as 
a reference point only, if tj^cD is greater than the 
specified tRCD (max) limit, then access time is 
controlled exclusively be Iqj^q. 



10. 



11. 



12. 



t H/c'5» ^CWD *"d tR YfD *'® "o^ restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if f m/cS - ' H'CS ('"i")* 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through- 
out the entire cycle; if t^Yfj^ ^ tcY/i^ (min) and 
^R WD ^ ^R WD (min), the cycle is a read/write and 
the data output will contain data read from the 
selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at 

access time) is indeterminate. 

These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or read-modify-write cycles. 
An initial pause of 100 ms is required after power-up 
followed by a minimum of 8 init ialization of cycles. 
Minimum of 8 CAS before RAS refresh is required 

before using internal refresh counter. 

In delayed write or read-modify-write cycles, OE 
must disable output buffers prior to applying data to 
the device. 



592 



Hitachi America, Ltd. 



HITACHI 

• Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



-HM50464 Series 



■ TIMING WAVEFORMS 
• READ CYCLE 



RSB- 



'S: 



CSB- 



\ 



i/pzv 



AddressT)!. «0W J^ .COLUMN i (777//// // 



WE" 



nm/ih 



i/o- 



-i — /(/^\ — -\ 



ji.Mi 



High-Z 



m. 



'III/III/IIIIK ^ 



'■ yjm 



\ . OUTPUT X 



J^////lllli 



Note) Zm ' Don't care 



• EARLY WRITE CYCLE 

RAB- 



't 



CA5- 



Address/ 



-tRL- 



-tRCD- 



\ 



-^ VTTJm . 



-thfSH- 



-/( -IS'- 



tA'iC 



u&:m^^miimm 



tWL^ 



tc Kl' i^ 



A 






-icwi 



- tRW I - 



twc A"- 



-twr- 



'-— V////////////. 



o V///////^:vaud.nputV///////////// 



^ 



Notes ) 1. QE : Don't care 
2. ZZS' • Don't care 
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HM50464 Series - 



• DELAYED WRITE CYCLE 



't 



CAS- 



-tRAS- 



y^tRP^\ 



-tRCD- 



\ 



ttRAH 



AddressT^ ROW ) (7^ COLUMN (/////' 



— tRSH- 
-tCAS 



v: 



ICAH 



W//7/////\ . ///////// 



-/ow/? 



yoTjjznjjjn^^fUU. 



^ iiiiiin 



-tCWL — 
tRWL- 



-twp- 

-tDH- 



-tCRP- 



-tcPN- 



DC 



-m-toDD 



Note) K//| : Don't care 



• READ MODIFY WRITE CYCLE 

RAS- 



's: 



ess- 



Address 



m. 



-tRWC- 



-tRAS- 



\ 



ROW 



-tRSH- 



/.^tRP-^\ 



-tCAS- 



-tcSH- 



-tASC 



COLUMN 



^ 11 1 lilt 



•»tCAH^ 

— tcWD- 



!<ZZZZ 



.^ 




1c WL 
^tRWL-* 



V w/////// 



^ '1 llllh -_J' 



TK. 



tos 



W' illllllh 



tOEH 



y II 1 1 1 



L 

<^HITACHI N°««)ra: Don't car. 
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• RAS ONLY REFRESH CYCLE 



RAS- 



"^Sh^ //?4S J/l 



CKB- 



'////////, 



Address 



mm^.. 



V/////////////// 



ROW 



W/////////////////A 



I/O- 



High-Z 



Notes) 1. OE, WE : Don't care 
2. U7)[ '■ Don't care 



• HIDDEN REFRESH CYCLE 

RAB 



\ 



CAS- 



tAS/f 

Address y/Xl ~ROW 



'^: 



Vp^^I\ 



's. 



tPAH I 4SC 



^~\. 

aa 



I use [CAHJ 




^ZZZZZZj 






I/O- 



High-Z 



OE 



'////////h 



■-% 



<^ VALID OUTPUT 



., rmi 



Note) K///I : Don't care 
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• CAS BEFORE RAS REFRESH CYCLE 



WKB 



CS5- 



tHP 



tRPC 



'S=iif±::Kf:Z;riK /■ 



''—tcHR 



y 



'^-■ ^////////////.^m /////////////, 



• COUNTER TEST 



RXS 
CS5- 



tRPC 



% 



( REFRESH ) ( READ W RITE 



/^ 



N i-'"-y [i:;:z>sr'^" ^ 



Add.ess /////////////^ COLUMN | > <777Z 

-' ^ZZT^xZ 



WE- 



OE 



:z \ .-' 



Notes ) 1. Dotted-line Means Read Cycle. 2. Y//A : Don't care 



• PAGE MODE READ CYCLE 

RAS 




Note) ^: Don't c 
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-HM50464 Series 



• PAGE MODE WRITE CYCLE 

RAS . 



CKS- 



y:^^ 



»S®M 



—^s^'"-r^^\^'- 



-tfiSII 



fTrfmlf i^ ^in/ji/i/, 



mM\s^(i[m\.^uinim.^ cmmn, 




TUMWrnnuL 



tazzzz 

Note) K/ /J : Don't care 



• PAGE MODE READ MODIFY WRITE CYCLE 



RaB 




vo W//////////. 

tljAl 

^ '///////////h . / 




Note)[ZZ]: Hon't care 
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HMS02S6 Series 



262144-word X i-bit Dynamic Random Access Memory 

■ FEATURES 

• Industry Standard 16-Pin DIP, 18-Pin PLCC, 16-Pin ZIP 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low Power: 350mW active, 20mW standby 

• Highspeed: Access Time 120ns/150ns/200ns(max.) 

• Common I/O capability using early write operation 

• Page mode capability 

• TTL compatible 

• 256 refresh cycles • • • (4ms) 

• 3 variations of refresh • • • RAS only refresh, CAS before RAS refresh. 

Hidden refresh 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM50256P-12 
HM50256P-15 
HM50256P-20 


120ns 
150ns 
200ns 


300 mil 16 pin Plastic 
DIP 


HM50256ZP-12 
HM50256ZP-15 
HM50256ZP-20 


120ns 
150ns 
200ns 


16 pin Plastic ZIP 


HM50256CP-12 
HM50256CP-15 
HM50256CP-20 


120ns 
150ns 
200ns 


ISpinPLCC 



■ PIN ARRANGEMENT 

• HM50256P Series 



i HM50256CP Series • HM50256ZP Series 

Dm A8 \\s CAS 




HM50256P Series 



># 



(DP-16B) 



HM50256CP Series 



w^ 



{CP-18) 



HM50256ZP Series 



^ 



(ZP-16) 



PIN DESCRIPTION 



(Top View) 



tznzrcTTzr 

Al Vcc A7 A5 

(Top View) 



(Bottom View) 



Ao~A, 


Address Inputs 


CAS 


Column Address Strobe 


Din 


DaU In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power (-I-5V) 


Vss 


Ground 


Ao~At 


Refresh Address Inputs 
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-HM 50256 Series 



I BLOCK DIAGRAM 



Clock 
Generttor 



iTTs 
Cl..ik 
Generator 



Daia-I 
huff^r 



HrHMiH 



Main Amps 

n — 



Data -Out 
Buffer 






Add res 
Huffcr. 



Kow 
l)fc<ider 



Memor\ 
Arra> 



m 



Menvir* 
\rraN 



artl-ar7. acti ac7 



§ 



Row 
Uecfider 



Array 



■ABSOLUTE MAXIMUM RATINGS 



Vbb 
Generaior 



Voltage on any pin relative to Vss -IV to +7V 

Operating temperature, Ta (Ambient) 0°C to +70**C 

Storage temperature -SB'^C to +125**C 

Short circuit output current 50mA 

Power dissipation IW 

■ RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70C) 




Parameter 


Symbol 


min 


typ 


max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


V,H 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


v.. 


-1.0 


- 


0.8 


V 


1 



Note) 1. All voltages referenced to Vss 



■ DC ELECTRICAL CHARACTERISTICS (Ta-O to +70-C. 


K:c-5V±10%. Vss 


-OV) 








Parameter 


Symbol 


HM50256-12 


HM50256-15 


HM50256-20 


Unit 


Notes 


min 


max 


mm 


max 


min 


max 


Operating Current(RAS. CAS =Cycling '■ /rc =min) 


Icci 


_ 


83 


_ 


70 


- 


55 


mA 


1 


Standby Current(RAS- V,i,. Dout-High Impedance) 


/cc, 


- 


4.5 


- 


4.5 


- 


4.5 


mA 




Refresh Current(RAS only Refresh, tuc-min) 


Ice, 


- 


62 


- 


53 


- 


42 


mA 




Standby Current(RAS- V,». Dout = Enable) 


Ice, 


- 


10 


- 


10 


- 


10 


mA 


1 


Refresh Current(CAS before RAS Refresh. «jic-min) 


Ice* 


- 


69 


- 


58 


- 


45 


mA 




Page Mode Supply Current (RAS= K/t.CAS =Cycling, /pc =min) 


la 7 


- 


57 


- 


48 


- 


37 


mA 




Input leakage(0<l^.,<7V) 


lu 


-10 


10 


-10 


10 


-10 


10 


^A 




Output leakage(0< V:..<7V, Dout = Disable) 


Ilo 


-10 


10 


-10 


' 10 


-10 


10 


mJ< 




Output levels High(/^.- -5mA) 


VoH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output levels Low( 7^.-4. 2mA) 


Vol 





0.4 





0.4 





0.4 


V 





condition when the device is selected, fee max is specified at the output open condition. 
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■CAPACITANCE (K:c-5V±10%, ra-25'C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


C/, 


- 


5 


pF 


1 


Clocks 


Cn 


- 


7 


1. 2 


Output Capacitance 


Data-out 


G 




7 


1. 2 



Notes) 1. Cap> cit«iice measured with Boonton Meter or effective capacitance measuring method. 
2. CAS- V,N to disable Dout. 



■ ELECTRICAL CHARACTERISTICS AND 

(Tc-O to +70'C. K:c-5V±10%, Kss-OV) 



RECOMMENDED AC 

1). 10). 11) 



OPERATING CONDITIONS 



Parameter 


Symbol 


HM5()256-12 


HM50256-15 


HM50256-20 




Unit 


Nott'v 


mm 


max 


mm 


max 


mm 


max 


Random Read or Write Cycle Time 


tRC 


220 




260 




330 


- 


ns 




Read-Write Cycle Time 


tRWC 


265 




310 




390 




ns 




RAS to CAS Delay Time 


tRCD 


25 


60 


25 


75 


30 


100 


ns 
ns 


7 


Access Time from RAS 


tRAC 




120 




1.50 




200 


2. 3 


Access Time from CAS 


tCAC 




60 




75 




100 ns 


3.4 


Output Buffer Turn-off Delay 


tOFF 




30 




40 




50 


ns 


.") 


Transition Time (Rise and Fall) 


tr 


3 


50 


3 


50 


3 


50 


ns 


6 


RAS Precharge Time 


tRP 


90 




100 




120 




ns 




RAS Pulse Width 


tRAS 


120 


10000 


150 


10000 


200 


10000 


ns 




RAS Hold Time 


tRSH 


60 




75 




100 




ns 




CAS"Hold Time 


tCSH 


120 




150 




200 




ns 




CAS Pulse Width 


tCAS 


60 


lOOOO 


75 


10000 


100 


10000 


ns 




CAS to RAS Precharge Time 


tCRP 


10 




10 




10 




ns 




Row Address Set-up Time 


tASR 















- 


ns 




Row Address Hold Time 


tRAH 


15 




15 




20 


- 


ns 




Column Address Set-up Time 


tASC 















- 


ns 




Column Address Hold Time 


tCAH 


20 




25 




30 




ns 




Column Address Hold Time referenced to RAS 


tAR 


80 




100 




130 




ns 




Read Command Set-up Time 


tRCS 

















ns 




Read Command Hold Time referenced to CAS 


tRCH 





- 










- 


ns 




Write Command Set-up Time 


Iwcs 

















ns 


8 


Write Command Hold Time 


tWCH 


40 




45 




55 


- 


ns 




Write Command Hold Time referenced to RAS 


iWCR 


100 




120 




155 




ns 




Write Command Pulse Width 


iwp 


40 




45 




55 




ns 




Write Command to RAS Lead Time 


tRWL 


40 




45 




55 




ns 




Write Command to CAS Lead Time 


tWL 


40 


- 


45 




55 




ns 




Data-in Set-up Time 


tDS 





- 












ns 


9 


Data-in Hold Time 


tDH 


40 




45 




55 




ns 


8.9 


Data-in Hold Time referenced to RAS 


tOHR 


100 




120 


- 


155 




ns 




RAS to WE Delay 


tRWD 


120 




150 




200 


- 


ns 




CAS to WE Delay 


tcWD 


60 




75 


- 


100 




ns 


8 


Page Mode Read or Write Cycle 


tPC 


120 




145 




190 




ns 




Page Mode Read Modify Write Cycle 


tPCM 


165 




195 




250 




ns 




CAS Precharge Time. Page Cycle 


tCP 


50 




60 




80 




ns 




Read Command Hold Time referenced to RAS 


tRRH 


10 




10 




10 




ns 




Refresh Period 


tREF 




4 




4 




4 


ms 




CAS Set-up Time 


tCSR 


10 




10 




10 




ns 




CAS Hold Time (CAS before RAS Refresh) 


tCHR 


120 




150 




200 




ns 




RAS Precharge to CAS Hold Time 


tRPC 

















ns 
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HM 50256 Series 



Notes 
1. AC measurements assume tf "= 5ns. 

Assumes that r/?CD ^ ^RCD (»«ax)- Jf ^RCD ** greater 
than the maximum recommended value shown in this 
table, //?^^ exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

Assumes that tRCD^^RCD (»"ax). 
tOFF (niax) is defined as the time at which the out- 
put achieves the open circuit condition and output 
voltage levels are not referred. 

Vfff (min) and Vji (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vj^f and Vjj^. 
Operation with the f/?co (niax) limit insures that 
^RAC (»"ax) can be met, r/?cD (max) is specified as a 
reference point only; if t/^cD ** greater than the 
specified tucD ("lax) limit, access time is controlled 
exclusively by t^j^c 



2. 



3. 

4. 
5. 



6. 



7. 



10. 



11. 



^WCS* ^CWD ^^^ ^RWD *f® "<^t restrictive operating 
parameters. 

They are included in the data sheet as electrical 
characteristics only; if fj^C^ ^^WCS (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if t^i/^Q ^ tcwD (min) and r/jM'D ^ 
^R WD (min), the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

These parameters are refer ence d to CAS leading edge 

in early write cycles and to WE leading edge in delayed 

write or read-modify-write cycles. 

An initial pause of 100ms is required after power-up 

then execu te at least 8 initia lization cycles. 

At least, 8 CAS before RAS refesh cycles are required 

before using internal refresh counter. 



■ TIMING WAVEFORMS 
• READ CYCLE 



CAS 



^. 



:z^: 



/' 



\: 



WE "7" 



\>0L 






V 



Column 
Address 



;*^zz 



High 



\ 




X 



^'"♦■" ^i 

^ 



> 



: Don*t care 
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HM 50256 Series - 



• WRITE CYCLE 



^. 



c3S 



;:^; 



/ 



\ 



Row 
Address 



W 



IWZTZhi 



;i<^; 



Column 
Address 



7ZZ2^[ 



Y 



KZZZZZK 



^zmuuL 



Highlmpedsnoe"'^ 



Notes) *1 ^23- Don't care 
♦ 2. <«rcs^tifcs(min) 



• READ MODIFY WRITE CYCLE 



CA? 



;^; 



Address ^VJ^ R-^ 



'/ '^^ 



'\ 



ym 



Column 
Address 



WE 



:2MiM 



mzMzm^ 



iMMMimcEEy^ 



/ 



\ : y77 77777} 



'J. 



7Mi 



< 



J- 



Notes ) ♦ 1. ITTl . Don't care 

* 2. Irvd ^ Irwd^ niin ) 

tcwD ^ tcwD ( njin ) 
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-HM 50256 Series 



• RAS ONLY REFRESH CYCLE 



^; 



.Tin 




r — ^\ 



~jiim:^^Df^zizzzB(izzzzL 



I 



High Impedance 



Notes) ♦ 1. V /X '■ Don't care 

♦ 2. Refresh Address A0-A7(AX0-AX7) 



• HIDDEN REFRESH CYCLE 



I \l t*SK 



:m 



" I T '■' "^ ^(Refresh)" y ^^ v. "" 



Ro* 
Add 



>.^ 



:«; 



^ 



N. 



Col 
Add 




wzzmimzzzizzKy^ 



'^ 



< 



\ alid Data 
li 



> 



Note) ^3: Don't care 




• CAS BEFORE RAS REFRESH CYCLE 






\ 



¥=\ 



/ 



.^ 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point PIcwy. • Brisbane, CA 94005-1819 • (415) 589-8300 603 



HM 50256 Series - 



• COUNTER TEST 



/' "i. 



(UPC tCSK 



'Write) / 



H f 's 



..EBCEDmzm 



Column 
Address 



?^ 



mz 



/ 



TZZL 



Ts. 



Notes) *1.^3: Don't care 

* 2. Dotted Line Means Read Cycle. 



• PAGE MODE READ CYCLE 



^ ifif ^ 



r^^ 




i^zxr^^^' 



Col 
Add J(A Add 



Col 
Add 






"^^ 



C Valid \ / Valid \ { . ?^ Valid \ 

Dau / \ Data / ^> \ Data / ^ 

Note) \/ / /\ '. Don't care 
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HM 50256 Series 



• PAGE MODE WRITE CYCLE 



RAS ViH . 

VlL 

CAS ViH . 

ViL 



r^ 



:^3i: 



Cd. 
Add 



:mzh. 



"r, 



yWM. 



>>-jr^--^">^j' 



Col 
Add. 



,mA 



wmXmzL 



.mh. 



zwM^wzKKymmmzZc 



MEi 



Hijch Impedance ^2 



• PAGE MODE READ MODIFY WRITE CYCLE 



Notes) ♦ 1. 2Z3 '• Don't care 
♦ 2. (n-cs^iwcsdnin) 



l/M II I I i i O 

V'/i ^ 



^ 1^ "" -I 



^^^■' V 



Row 
Add. 



" lYZZZzf' 



ws:m 



v 







;: ^^xz:^:^^(i:>^ 



vIm 's / Valid \ w / Valid \ 

Data , ? \ Data / ^> \ D«ta / " 



Notes ) * 1. [///I : Don't care 

*2. (AH'o^tRH'odnin) 

tcM'o ^ tcwD ( min ) 
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HMS1256 Series 

2621 44- word X i -bit CMOS Dynamic Random Access Memory 

■FEATURE 

• 262, 144 word x 1 bit DRAM 

• Double layer Poly-Si/Policide Process, high performance CMOS 

• Power supply voltage: 5V ± 10% 

• Access time 

Row access time: 85/1 00/1 20/1 50ns 
Address access time: 40/45/55/70ns 

• Cycle time 

Random read/write cycle time: 155/1 80/2 10/250ns 
High speed page mode cycle time: 50/55/65/80ns 

• Lower power 

Standby: 11mW (TTL Level) 

l.lmW (CMOS Level: L-version) 
Active: 385/330/27 5/220mW 

• Refresh: 256 cycles/4ms 

256 cycle s/32m s (L-version) 

• Refresh function: RAS only refresh, CAS before RAS refresh. 

Hidden refresh 

• High speed page mode capability 

• Edge triggered write capability 

• Fast CAS output control 



HM51256P Series 
HM51256LP Series 




(DP-16B) 



HM5 1 25 6CP Series 
HM51256LCP Series 



^W 



(CP-18) 



HM51256ZP Series 
HM51256LZP Series 



¥^ 



(ZP-16) 



ORDERING INFORMATION 



Type No. 

HM51256P-8 
HM51256P-10 
HM51256P-12 
HM51256P-15 

HM51256CP-8 
HM51256CP-10 
HM51256CP-12 
HM51256CP-15 



HM51256LP-8 
HM51256LP-10 
HM5i256LP-12 
HM51256LP-15 

HM51256LCP-8 
HM51256LCP-10 
HM51256LCP-12 
HM51256LCP-15 

HM51256ZP-8 
HM51256ZP-10 
HM51256ZP-12 
HM51256ZP-15 



HM51256LZP-8 
HM51256LZP-10 
HM51256LZP-12 
HM51256LZP-15 



Access Time 

85ns 
100ns 
120ns 
150ns 



85ns 
100ns 
120ns 
150ns 

85ns 
100ns 
120ns 



Package 



300 mil 16 pin Plastic 
DIP 



18PinPLCC 



300 mil 16 pin Plastic 
DIP 



150ns 






85ns 






100ns 
120ns 


1 8 pin PLCC 




150ns 






85ns 






100ns 






120ns 






150ns 


1 6 pin Plastic 
ZIP 




85ns 




100ns 






120ns 






150ns 
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-HM51 256 Series 



■ PIN ARRANGEMENT 

• HM51256P Series • HM51256CP Series 



HM5 1256 LP Series 



HM51256LCP Series 



• HM51256ZP Series 
HM51256LZP Series 



D.n[~r 


Vw/ 


lej Vss 

Is] CAS 


TMnpy 


Dm A8 V,s CAS 

r-i n n r—i 




Lead No 
D..UI 2 

\»» 4 


c=| 


1 \t 


CORNER^/ 2 1 18 17 ^ 




3 Ca5 
A Al 


w\T 




"l7] Uoui 


WE[ 


3 16 


]CL. 


Dm b 


pa 


7 WE 


RaS[T 

.[7 




"li] Ai 
II2J A3 


NC[ 
Aof 


4 15 

5 U 

6 13 


] A6 

]nc 

]a3 


RA§ M 
Al 10 
\a 12 


pa 


9 Ao 
11 Al 


AifT 




ii[a< 


A2[ 


7 12 


]A4 


\i 14 


p 


13 A; 


.[7 

iff rr 




"io]Ai 




^ 8 9 10 11 ^ 




..ye 

(Bottom 


l=i Al 

View] 




LJ LJ LJ LJ 

Al Vff A7 A5 









(Top View) 



(Top View) 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss -IV to +7V 

Operating temperature, Ta (Ambient) O'^C to +70°C 

Storage temperature -55*'C to +125°C 

Short circuit output current 50mA 

Power dissipation iy^ 



■ BLOCK DIAGRAM 

WF: 



K W Clock 
(..•m-i:itni 



C\SCI(«k 
(ioncraior 



RaS 



W^^ Clock 

Generator 



.Kefresh 
Conirol 



Address 
Counter 



Address 
Fiuffer 



Dm 



Data m 
Buffer 



Data out 
Buffer 



Column 
\ddress 
Buffet 



LiC> 



Metnory Arra> 
262.N4bits 






Ao-A, 


Address Inputs 


CAS 


Column Address Strobe 


Din 


DaU In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 


Ao-A, 


Refresh Address Inputs 




IRECOMMENDED DC OPERATING CONDITIONS (Ta-O to +70 C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


V,H 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


Vu 


-1.0 


- 


0.8 


V 


1 



Note) 1. All voluges referenced to Vtt 
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HM51 256 Series- 



■DC ELECTRICAL CHARACTERISTICS {Ta=Oto +70°C, Vcc=- 


5V±10%, 


Vss = 


= 0V) 










Parameter 


Symbol 


HM51256-8 


HM51256-10 


HM51256-12 


HM51256-15 


Unit 


Notes 


min 


max 


mm 


max 


min 


max 


min 


max 


Operating Current (RAS. CAS Cycling: tnc =min) 


/((I 


- 


70 


- 


60 


- 


50 


- 


40 


mA 


1 


Standby Current (RAS= Vih, Dout = High Impedance) 


IC(2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




Refresh Current (RAS only Refresh, /«( =min) 


Idi 


- 


70 


- 


60 


- 


50 


- 


40 


mA 




Standby Current (RAS= Vih, Dout Enable) 


/(C. 


- 


6 


- 


6 


- 


6 


- 


6 


mA 


1 


Refresh Current (CAS before RAS Refresh, fnc - min) 


I(('. 


- 


60 


- 


55 


- 


45 


- 


35 


mA 




High Speed Page Mode SuppK Current (RAS= Va. CAS Cycling, lpc=mm ) 


/t(b 


- 


70 


- 


60 


- 


50 


- 


40 


mA 


1 


Standby Current (RAS. CAS = K ( - . 2V ) 


/((7 


- 


200 


- 


200 


- 


200 


- 


200 


mA 


2 


Input leakage (0<V;„<7V) 


lu 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/uA 




Output leakage (0< K„/<7V. Dout= Disable) 


Iin 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 




Output levels High {L,,,^ -5mA) 


VoH 


2.4 


Vcc 


2.4 


Vcc 


24 


Vcc 


2.4 


Vcc 


V 




Output levels Low (/„„( = 4. 2mA) 


Vol 





0.4 





0.4 





04 





04 


V 




Nott's \ /(, dopt'nds on output loading condition when the device i^ selected A < ma 
1 '1 his specification is j;uaranteed onh for L version 

■ CAPACITANCE (K:c = 5V±10%, Ta-^Zb'C) 


X. IS specified at the output oi)en condition 










Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


Cn 


- 


5 


pF 


1 


Clocks 


Cn 


- 


7 


1 


Output Capacitance 


Data out 


G, 


- 


7 


1. 2 



Notes) 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS - V,H to disable Dout 

■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

{Ta = to H-70°C, Vcc = 5V± 10% , Kss-=OV) 
• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 



Parameter 


Symbol 


HM51256-8 


HM51256-10 


HM51256-12 


HM51256-15 


Unit 


Notes 


min 


max 


mm 


max 


mm 


max 


min 


max 


Random Read or Write Cycle Time 


tnc 


155 


- 


180 


- 


210 


- 


250 


- 


ns 




RAS Precharge Time 


Irp 


60 


- 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tRAS 


55 


10000 


65 


10000 


75 


10000 


95 


10000 


ns 




CAS Pulse Width 


tCAi> 


25 


- 


25 


- 


30 


- 


35 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 





- 


ns 




Column Address Hold Time 


tcAH 


15 


- 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time to RAS 


tAH 


60 


- 


75 


- 


90 


- 


110 


- 


ns 




RAS to CAS Delay Time 


tRCD 


20 


60 


25 


75 


25 


90 


30 


115 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


45 


20 


55 


20 


65 


25 


80 


ns 


9 


RAS Hold Time 


tRSH 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




CAS Hold Time 


tcSH 


85 


- 


100 


- 


120 


- 


150 


- 


ns 




CAS to RAS Precharge Time 


tcRf 


10 


- 


10 


- 


10 


- 


10 




ns 




Row Address Set-up Time 


tASR 





- 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


10 


- 


15 


- 


15 


- 


20 


- 


ns 




Transition Time (Rise and Fall) 


h 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREh 


- 


4 


- 


4 


- 


4 


- 


4 


ms 






- 


32 


- 


32 


- 


32 


- 


32 


ms 


21 


• Read Cycle 


Parameter 


Symbol 


HM51256-8 


HM51256-10 


HM51256-12 


HM51256-15 


Unit 


Notes 


mm 


max 


min 


max 


mm 


max 


mm 


max 


Access Time from RAS 


tRAC 


- 


85 


- 


100 


- 


120 


- 


150 


ns 


2.3 


Access Time from CAS 


kA( 


- 


25 


- 


25 


- 


30 


- 


35 


ns 


3,4 


Access Time from Address 


tAA 


- 


40 


- 


45 


- 


55 


- 


70 


ns 


3,5,14 


Read Command Set up Time 


tRCS 





- 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 




45 


- 


55 


- 


70 


- 


ns 




Output Buffer Turn-off Time 


tohh 





20 





25 





30 





35 


ns 


6 
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-HM51 256 Series 



• Write Cycle 



Parameter 


Symbol 


HM51256-8 


HM51256-10 


HM51256-12 


HM51256-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


min 


max 


Write Command Setup Time 


/li c S 





- 





- 





- 





- 


ns 


10 


Write Command Hold Time 


fwCH 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




Write Command Hold Time to RAS 


t\i( R 


65 


- 


80 


- 


95 


- 


115 


- 


ns 




Write Command Pulse Width 


/»/' 


15 


- 


20 


- 


25 


- 


30 


- 


ns 




Write Command to RAS Lead Time 


tRW L 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




Write Command to CAS Lead Time 


ttwi 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




Data-in Set-up Time 


tl>S 





- 





- 





- 





- 


ns 


11 


Data-in Hold Time 


ton 


15 


- 


20 


- 


25 


- 


30 


- 


ns 


10,11 


Data-in Hold Time to RAS 


tl)HR 


60 


- 


75 


- 


90 


- 


110 


- 


ns 




• Read-Modify-Write Cycle 


Parameter 


Symbol 


HM51256-8 


HM51256-10 


HM51256-12 


HM51256-15 


Unit 




min 


max 


min 


max 


min 


max 


min 


max 


Notes 


Read-Write Cycle Time 


tRWC 


180 


- 


210 


- 


245 




290 


- 


ns 




RAS to WE Delay Time 


/kw w 


85 


- 


100 


- 


120 


- 


150 


- 


ns 


10 


CAS to WE Delay Time 


tc H 1) 


20 


- 


25 


- 


30 


- 


35 


- 


ns 


10 


Column Address to WE Delay Time 


tA\SD 


40 


-- 


45 


- 


55 


- 


70 


- 


ns 


10 


• Refresh Cycle 


Parameter 


Symbol 


HM51256-8 


HM51256-10 


HM51256-12 


HM51256-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


min 


max 


C7VS Set-up Time (CAS before RAS Refresh) 


k^R 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS before RA^ Refresh) 


tCHR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Prechange to CAS Hold Time 


tRI'C 


15 


- 


15 


- 


15 


- 


15 


- 


ns 




• High Speed Page Mode Cycle 


Parameter 


Symbol 


HM51256-8 


HM51256-10 


HM51256'12 


HM51256-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


min 


max 


High Speed Page Mode Cycle Time 


//'( 


50 


- 


55 


- 


65 


- 


80 


- 


ns 


18,20 


High Speed Page Mode RAS Pulse Width 


tRAPC 


55 


75000 


65 


75000 


75 


75000 


95 


75000 


ns 


19 


RAS to Second WE Delay Time 


/h.sH' 


90 


- 


105 


- 


125 


- 


155 


- 


ns 




CAS Precharge Time 


tcr 


10 


- 


15 


- 


20 


- 


20 


- 


ns 




Write Invalid Time 


/»/ 


10 


- 


10 


- 


15 


- 


15 


- 


ns 




Access Time from Column Precharge Time 


tcAf 


- 


45 


- 


50 


- 


60 


- 


75 


ns 


20 


• High Speed Page Mode Read-Modify-Write Cycle 


Parameter 


Symbol 


HM51256-8 


HM51256-10 


HM51256-12 


HM51256-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


min 


max 


High Speed Page Mode Cycle Time on Read- Write 


/km /'( 


85 


- 


95 


- 


115 


- 


145 


- 


ns 


12 


Access Time from Previous WE 


trw A 


- 


80 


- 


90 


- 


110 


- 


140 


ns 


3,13 


Previous WE to Column Address Delay Time 


/it Al) 


20 


40 


25 


45 


30 


55 


35 


70 


ns 


15 



Notes: 1. AC measurements assume tx= 5ns. 

2. Assumes that tRCD ^ fRCD (max) and f/^£) ^ tRAD (max). If tRCD or tRAD is greater than the maximum 
recommended value shown in this table tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

4. Assumes that tRCD ^ ^RCD (max) and tRAD ^ tRAD (max). 

5. Assumes that tRCD ^ ^RCD (max) and tRAp g tRAD (max). 

6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 
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8. 



10. 



Vjfj (min) and Vji^ (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between K///and Vji. 

Operation with the tjiCD (n^ax) limit insures that tRj^c (niax) can be met, tRCD (niax) is specified as a reference 
point only, iftj^CD is greater than the specified tj^CD (max) limit, then access time is controlled exclusively by tCAC- 
Operation with the tji/^j) (max) limit insures that tji^c (n^ax) can be met, tj^^j) (max) is specified as a Re- 
ference point only, if tji^D is greater than the specified tji^jr) (max) limit, then access time is controlled 
exclusively by ^^44 . 

^WCS' ^RWD' ^CWD and ^AWD are hot restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if t\i/cs = ^WCS ("^i"). the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tj^i^/j) ^ tj^n/j) (min), tcWD = ^CWD 
(min) and t^WD = ^AWD ("^i"). the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

12. tRu^pc (min) = tAWD (>"»") + ^WAD ('"ax) + tT- 

13. Assumes that tn^AD ^ ^WAD (n^ax). If f[V/4Z) is greater than the maximum recommended value shown in this 
table, tp\/^^A exceeds the value shown. 

14. Assumes that tWAD ^ ^WAD (niax). 

15. Operation with the t}^;AD (niax) limit insures that tpn^A (max) can be met, t^^AD (max) is specified as a 
reference point only, if t^/AD is greater than the specified /HMD (max) limit, then access time is controlled 
exclusively by tAA • 

An intial p ause of 100 ms is re quired after power-up then execute at least 8 initialization cycles. 
At least, 8 CAS before RAS refresh cycles are required before using internal refresh counter. 
Assumes that tASC = ^C P - 5 ns. 

19. tfiAPC is determined by RAS pulse width in High Speed Page mode cycle. 

20. Access time is determined by the longer of tAA> tCAC or tCAP. 

21. This specification is guaranteed only for L-version. 



16. 
17. 
18. 



■TIMING WAVEFORMS 

• Read Cycle 



W. 



yz^\ 



\ 



tKAH tASC 



mmnL 



m: 



Tfv 



/ 



: mTT7r, 7, 7mTTTm. 



'WHM 



> 



Note) K3 : Don't c 
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-HM51 256 Series 



► Write Cycle 



St 



W.. 



ypnv 



s. 



WE 'I 



/ 



Tnnmih: 



- TTTTTim . 



' jjimiiiii/iiiin/iii. 



iiniiiiinii, 



^ Vl/llllillllll 



• Read Modify Write Cycle 



Notes) *1.P777|- Don't care 
♦ 2. /iircsSfH'C5(min) 



A 



WF / 



:® 



\. 



•////////// 



wiMmnMMiiL 



'- wnmMMM^iimmim 



■^ '//////////// 



V 



Notes) *1 iZ2Z3 : Don't care 

#*2. /rho^/rhc (mm) 
HITACHI /rHD^/cHo(mm) 
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HM51256 Series - 



• RAS Only Refresh Cycle 



\ 



CAS f 



'/////// / 



t 



K 



— ^7777N. "- W//////////////. 



Note) UZL- Don't care 



• Hidden Refresh Cycle 



RAS **V[ 



WE ////// Z 



y 






\: 



,'''■ 



: <///////////// /////////77777///////, 



^///////////////////////77777//////// 



X. 



-sx: 



H 



Note) ^; Don't c 



• CAS Before RAS Refresh Cycle 



^. 



^ 



V 



\/////////////r 



-^ 



v^ 



>//////////////////// ////////////////////////// 



Open 



Note) K///| : Don't care 
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~HM51 256 Series 



• High Speed Page Mode Read Cycle 



X 



n 



^ 7. 



\t\ 



rt 



U%C^ \" 



3»: 



^-w 



'-% 



¥ 



,>,,, ,H^ . .... > ^ 



X 



D^^^^ 



>High Speed Page Mode Write Cycle 

RAS 



^^:V 




ic-zz:^ 



wmmmML 




7/////////M r^m^r^^^im'^^ ^iiiiiiiiiiiiiiiiii' 



Open* 



• High Speed Page Mode Read Modify Write Cycle 



Notet) *l.y777l: Don't CM* 



V 



on®: 



s. 



'///I/I////I//III, 



%im. 



s,^ 






1:^3 



-^c=/' 



.'C 



/ 



'iiiiiii/iiii 



mi^iiim. 




^iM/ IWIII///lli 



ijoui N y 



Note) (52a : Don't a 
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HMS12S8 Series 

262144-word x 1-bit Static Column CMOS Dynamic RAM 



The HM51258 is the 262,144 word by 1 bit static 
column dynamic random access memory utilizing the 
Hitachi 2/um CMOS process. 

This device has static column circuit and it is good for 
high performance main storage or for page access 
applications. 

While the row circuitry is still dynamic, and it controls 
the power consumed in the static circuitry. It realizes 
very low power dissipation. 

Multiplexed address and the 16 pin pinout are com- 
patible with the fully dynamic 256K DRAM 
HM50256. 

■ FEATURES 

• 262,144 word x 1 bit SCRAM 

• Double layer Poly-Si/Pol icide Process, high 
performance CMOS 

• Power supply voltage 5V±10% 

• Access time 

Row access time: 85/1 00/1 20/1 50ns 
Address access time: 40/45/55 /70ns 

• Cycle time 

Random Read&Write cycle time: 155/1 80/2 10/250ns 
Static Column cycle time: 45/50/60/75ns 

• Lower power 
Standby: llmW 

Active: 385/330/275/220mW 

• Input and output: TTL compatible 

• Refresh: 256 cycles/4ms 

• Refresh function: RAS only refresh, CS before 
RAS refresh. Hidden refresh 

• Static column mode capability 

• Edge triggered write capability 

• Fast CS output control 



■ ORDERING INFORMATION 




iPIN ARRANGEMENT 



Type No. 


Access Time 


Package 


HM51258P-8 


85ns 




HM51258P-10 


100ns 


300 mill6 pin Plastic 


HM51258P-12 


120ns 


DIP 


HM51258P-15 


150ns 






(Top View) 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A8 


Address inputs 


CS 


Chip select 


Din 


Data in 


Dout 


Data out 


RAS 


Row address strobe 


WE 


Read/Write input 


Vcc 


Power (+5V) 


Vss 


Ground 


A0-A7 


Refresh address inputs 
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HM5 1258 Series 



■ BLOCK DIAGRAM 



R/W Clock 
Generator 



CS Clock 
Generator 



RAS Clock 
Generator 



Refresh 
Control 






^ 






-ill 



L^ 



Vbb 
Generator 



Data in 
Buffer 



Data out 
Buffer 



Memory Array 
262,144bits 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Voltage on any pin relative to ^55 


Vt 


-1,0 to +7.0 


V 


Supply Voltage relative to Vgs 


Vcc 


-1.0 to +7.0 


V 


Short circuit output current 


^out 


50 


mA 


Power dissipation 


Pt 


1.0 


W 


Operating temperature 


Topr 


to +70 


''C 


Storage temperature 


Tstg 


-55 to +125 


^c 



RECOMMENDED DC OPERATING CONDITIONS (r«=0to+70^C) 




Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage 


VlH 


2.4 


- 


6.5 


V 


Input low voltage 


ViL 


-1.0 


- 


0.8 


V 



Note) All voltages referenced to V^g- 

■ DC ELECTRICAL CHARACTERISTICS (Kcc=5V±10%, K55=0V,r^=0 to+70°C) 



Parameter 


Sybmol 


Test conditions 


HM5 1258-8 


HM51258-10 


HM5 1258-1 2 


HM51258-15 


Unit 


Note 


min 


max 


min 


max 


mm 


max 


min 


max 


Operating current 


^CCl 


RAS, CS Cycling. tRC=vc\\n. 




70 


- 


60 




50 


- 


40 


mA 


1 


Standby current 


ICC2 


R\S=V/ff. Dout=High Impedance 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




Refresh current 


JCC3 


RAS only Refresh, r/?(7=min 




70 


~ 


60 


- 


50 


- 


40 


mA 




Standby current 


ICC4 


RAS= V/H, Dout Enable 




6 


- 


6 


- 


6 


- 


6 


mA 


1 


Refresh current 


ICC5 


CS before RAS Refresh, tRC^min 




60 




55 




45 


- 


35 


mA 




Operating current 


fCC6 


Static Column Mode, 
tRSC 'H'5C=min 




70 


- 


60 


- 


50 


- 


40 


mA 


1 


Input leakage 


ILI 


Vin^O to 7V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


mA 




Output leakage 


ILO 


Vout=0 to 7V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


mA 




Output high voltage 


VOH 


^Mr= -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


24 


Vcc 


V 




Output low voltage 


Vol 


fout=^ 2mA 





0.4 





0.4 





0.4 





0.4 


V 





Note) 1. Ice depends on output loading condition when the device is selected. 
Ice ^^^ Js specified at the output open condition. 
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HM5 1258 Series 



■ CAPACITANCE(Kcc=5V±10%,r^ = 2f 


>"C) 








Parameter 


Symbol 


typ 


max 


Unit 


Note 


Input capacitance 


Address, Data-in 


Qi 


- 


5 


pF 


1 


Clock 


Cl2 


- 


7 


pF 


1 


Output capacitance 


Data -Out 


Co 


- 


7 


pF 


1,2 



Note Note) 1 . Capacitance measured with 
Boonton Meter or effective 
capacitance measuring method. 
2. CS= ViH to disable Dout. 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 

CONDITIONS (r«=0 to +70°C, Kcc=5V± 10%, Vss = OV) 
• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 



Parameter 


Symbol 


HM5 1258-8 


HM5 1258-10 


HM51258-12|HM51258-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


min 


max 


Random Read or Write Cycle Time 


tRC 


155 


- 


180 


- 


210 


- 


250 


- 


ns 




RAS Precharge Time 


tRP 


60 


- 


70 


- 


80 


- 


90 


- 


ns 




RaS Pulse Width 


tRAS 


55 


10000 


65 


10000 


75 


10000 


95 


10000 


ns 




CS Pulse Width 


tcs 


25 


- 


25 


- 


30 


- 


35 


- 


ns 




RAS to CS Delay Time 


tRCD 


20 


60 


25 


75 


25 


90 


30 


115 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


45 


20 


55 


20 


65 


25 


80 


ns 


9 


RAS Hold Time 


tRSH 


20 


~ 


25 


- 


30 


- 


35 


- 


ns 




CS Hold Time 


tCSH 


85 


- 


100 


- 


120 


- 


150 


- 


ns 




CS to RAS Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-Up Time 


tASR 





- 





- 





~ 





- 


ns 




Row Address Hold Time 


(RAM 


10 


- 


15 


- 


15 


- 


20 


- 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


_ 


4 


- 


4 


- 


4 


- 


4 


ms 




• ReadCycfe 


Access Time from RAS 


tRAC 


- 


85 


- 


100 


- 


120 


- 


150 


ns 


2.3 


Access Time from CS 


tCAC 


_ 


25 


_ 


25 


- 


30 


- 


35 


ns 


3.4 


Access Time from Address 


tAA 


_ 


40 


- 


45 


- 


55 


- 


70 


ns 


3.5,14 


Column Address Hold Time to RAS on Read 


tAR 


- 85 


- 


100 


- 


120 


- 


150 


- 


ns 




Read Command Set-Up Time 


tRCS 





- 





- 





- 





- 


ns 




Read Command Hold Time to CS 


tRCH 





- 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


_ 


45 


~ 


55 


- 


70 


- 


ns 




RAS to Column Address Hold Time 


tAH 


10 


- 


15 


- 


15 


- 


20 


- 


ns 


16 


Output Hold Time from Address 


tOH 


5 


- 


5 


- 


5 


- 


5 


- 


ns 




Output Buffer Turn-off Time 


tOFF 





20 





25 





30 





35 


ns 


6 


• Write Cycle 


Column Address Set-Up Time 


tASC 





- 





- 





- 





- 


ns 




Column Address Hold Time 


tCAH 


15 


- 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time to RAS on Write 


tAWR 


60 


- 


75 


- 


90 


- 


110 


- 


ns 




Write Command Set-Up Time 


fwcs 





- 





- 





- 





- 


ns 


10 


Write Command Hold Time 


tWCH 


20 


_ 


25 


_ 


30 


- 


35 


- 


ns 




Write Command Hold Time to RAS 


tWCR 


65 


- 


80 


- 


95 


- 


115 


- 


ns 




Write Command Pulse Width 


tWP 


15 


- 


20 


- 


25 


- 


30 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




Write Command to CS Lead Time 


tCWL 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




Data-in Set-up Time 


tDS 





~ 





- 





- 





- 


ns 


11 


Data-in Hold Time 


tDH 


15 


_ 


20 


- 


25 


- 


30 


- 


ns 


10,11 


Data-in Hold Time to RAS 


tDHR 


60 


- 


75 


- 


90 


- 


110 


_ 


ns 
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-HM51 258 Series 



• Read-ModifyWrite Cycle 



Parameter 


Symbol 


HM51258-8 


HM5 1258-10 


HM5 1258-1 2 


HM51258-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


min 


max 


Read-Write Cycle Time 


tRWC 


180 


- 


210 


- 


245 


- 


290 


- 


ns 




RAS to WE Delay Time 


tRWD 


85 


- 


100 


- 


120 


- 


150 


- 


ns 


10 


CS to WE Delay Time 


fCWD 


20 


- 


25 


- 


30 


- 


35 


- 


ns 


10 


Column Address to WE Delay Time 


tAWD 


40 


- 


45 


- 


55 


- 


70 


- 


ns 


10 


Output Hold Time from WE 


tOHW 


25 


- 


25 


- 


25 


- 


25 


- 


ns 




• Refresh Cycle 


CS Set-up Time (CS before RAS Refresh) 


tCSR 


10 


- 


10 


- 


10 


- 


10 




ns 




CS Hold Time (CS before RAS Refresh) 


tCHR 


10 


- 


10 


- 


10 


- 


10 




ns 




RAS Precharge to CS Hold Time 


tRPC 


15 




15 


- 


15 


- 


15 


- 


ns 




• SC Mode Cycle 


SC Mode Cycle Time on Read 


tRSC 


45 


- 


50 


- 


60 


- 


75 


- 


ns 




SC Mode Cycle Time on Write 


twsc 


45 


- 


50 


- 


60 


- 


75 


- 


ns 




RAS to Second WE Delay Time 


tRSW 


90 


- 


105 


- 


125 


- 


155 


- 


ns 




SC Mode RAS Pulse Width 


tRASC 


55 


75000 


65 


75000 


75 


75000 


95 


75000 


ns 




CS Precharge Time 


tCP 


10 


- 


10 


- 


15 


- 


15 


- 


ns 




Write Invalid Time 


twi 


10 


- 


10 


- 


15 


- 


15 


- 


ns 




• SC Mode Read-Modify-Write and Mixec 


i Cycle 






















SC Mode Cycle Time on Read-Write 


tRWSC 


85 


- 


95 


- 


115 


- 


145 


- 


ns 


12 


Access Time from Previous WE 


tPWA 




80 


_ 


90 


- 


110 


- 


140 


ns 


3,13 


Previous WE to Column Address Delay Time 


tWAD 


20 


40 


25 


45 


30 


55 


35 


70 


ns 


15 


Column Address Hold Time to Previous WE 


tPWH 


80 


- 


90 


- 


110 


- 


140 


- 


ns 





Notes: 1. 
2. 

3. 
4. 
5 
6 



11 



12 
13. 



14 
15. 



16. 
17. 
18. 



AC measurements assume tj' = 5ns. 

Assumes that tRCD ^ tjicD^^^'^) ^^^ ^RAD = ^rad^^^^^- ^^ ^RCD ^^ ^RAD ^s greater than the maximum 
recommended value shown in this table, tj^^Q exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
Assumes that tRQj^^tjicD (max) and tRAD = tRAD (max). 
Assumes that tjicD - ^fiCD("^ax) and /jjAD = tRADimzx). 

tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

Vjjj{rmr\) and K/j;^(ma\) are reference levels for measuring timing of input signals. Also, transition times are 
measured between K/// and Vji^. 

Operation with the t jiQj^i^mzx) limit insures that r/jAc("^2x) can be met, t jicj){m2L\) is specified as a reference 
point only; if ^jrcd i^ greater than the specified /^^^/^(max) limit, then access time is controlled exclusively 
by tcAC 

Operation with the rjRyi£)(max) limit insures that Tjrac^"^^^) ^^^ ^^ "^^^' ^i?AD(max) is specified as a re- 
ference point only; if f/j>i£) is greater than the specified ?ijAD(max) limit, then access time is controlled ex- 
clusively by f/iA- 

^WCS^ ^RWD^ ^CWD ^"^ ^AWD ^^^ "^^ restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only if ty^cs = ^wcs (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle ; if f/jvJ'D = ?HWD(min), tcwD =tcWD(^^^^ 
and ^/ivVD = ^a WD(min), the cycle is a read/write and the data output will contain data read from the selected 
cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is in- 
determinate 

These parameters are referenced to CS leading edge m early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles 

fRWSC^^^^^ ~ ^AWD^^^^) "'■ ^WAD(max) + tT 

Assumes that tWAD ^ rH'ylD(max). If tWAD is greater than the maximum recommended value shown in this 
table, tp]\rA exceeds the value shown. 
Assumes that twAD ^ rivAD(max). 

Operation with the t]/f^y^£fima\) limit insures that rp^^^^(max) can be met, /ivA£)(max) is specified as a re- 
ference point only, if t^ry^£) is greater than the specified ty/^^J^J;){m^\) limit, then access time is controlled ex- 
clusively by tj^j^. 

^AH is defmed as the time at which the column address hold. 

An initial pause of lOO^s is required after power -up then execute at least 8 initialization cycles. 
At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 
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HM51 258 Series - 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS • 



'^ 



'^: 



y-^\ 



\ 



WE ^ 



mmm 



:m: 



KMM 



'WZM 



<^z^z> 



Note) [ZZZl- Don't c 



• Write Cycle 



RAS - 



\: 



'W. 



yp^\ 



]m. 



\ / 



TrnMUh 



1/////////////////// 1. 



////////////// 



'7Mm: 



W//////////// 



High-Z" 



Notes) ♦1.P777I- Don't care 
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HM5 1258 Series 



• Read -Modify -Write Cycle 



K 



^:^ 



mmw 



WIL 



ypll\ 






7777; 



impi 



^ZZS ^/////////// 



-<UD<. 



W . /IHIII/I/L 



MJi/i/ii/n. 



im 



Notes ) * 1. F7771 : Don't care 

♦2. fR»rD^f/JHro(mjn) 



• RAS Only Refresh Cycle 



''^ l , JhAi, m .\ ?^, 



^ ^////////// 



\. 




7777m. ^0^ yj//////////////////. 



Note) K3- Don't care 



• Hidden Refresh Cycle 



M 



Address /Qt Row 



WE zzzzz^ 



3^ 



>^ 



■j/Hii/f l4a£ »j Mitt , 

xzx:: 



>. 



^ 



Uf 



- V//// /// / / /////^//T T7 ////// 



>.////////// ///////rr, 



-<zz2^: 



V. 



izzzz. 



Note) Ea : Don't c 
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HM51 258 Series - 



• CS before RAS Refresh Cycle 



'V 



^ 



.czzzzzzzzzzzl 



's: 



:r 



If^ 



y^ 



^'•- u ////////////////////////////////// rm 



Note) SZ^" Don't c 



• Static Column Mode Read Cycle 



K: 



WTTM/W 



% 



'fm. 



K 



X 



{^ 



K 



y 



ym ///////////. 



W/ //////m 



s " -' \ — <, 



Note) Wd, ■ Don't c 



• Static Column Mode Write Cycle 



\ 



m 



3®G 



— I -. ICF ^ . I ^ tCP ^ I '«»'■ 



\. 



- ^^^OH^^Gi 






fia 



d/^ 



,/f=^s_yP^C 



'AmZZMM 






i< ^////yy///////^ 



Open** 



Notes) * 1. ^: Don't care 
* 2. /ivcs ^ ftvcs (min) 
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HM51 258 Series 



• Static Column Mode Read-IVIodify-Write Cycle 



7X1 



""■ wmnm, 



^ 



:m:. 



wa 



'mmn^jmLii 



^c=^ 



3^ 



MIKJM 



^z=f 



^m 



7K 



wiMmnL 



^\,^ 



^mnumuL 



)^C3^ 



Notes) *1 Wn • Don't care 

♦ 2. tflH-D^ffiifDlnHn) 

/ cwD ^ ^ ciTD (min ) 



• Static Column Mode Mixed Cycle-1 



\ 



-wmRm 



^ 



>z±/!!W^^ 



"X 



r 



^ 



.^ 



:)^z 



z^c 



K 



^_v 



:>^ 



fc)^Zi!EIM> 



^^^^m^ 



'/////////////, 



Early Write 



Redd Mc.JiK Write I Note) UIA ■ Don't care 
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HM51 258 Series - 



• Static Column Mode Mixed Cycle-2 
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HMS142S6 Series 



262144-word x 4-bit CMOS Dynamic RAM 



The Hitachi HM514256 Series is a CMOS dynamic RAM or- 
ganized 262144-word x 4-bit. HM514256 has realized higher 
density, higher performance and various functions by employing 
1.3 ium CMOS process technology and some new CMOS circuit 
design technologies. The HM514256 offers Page Mode as a high 
speed access mode. 

Multiplexed address input permits the HM514256 to be 
packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 

Features 

• Highspeed Access Time 80/1 00/1 20ns (max) 

• Lower Power .... Active 363/302.5/258.5 mW (max) 

Standby 1 1 mW (max) 

• Single 5V (±10%) 

• Page Mode 

• 512 refresh cycle 8 ms 

• 2 variations of refresh RAS-only refresh 

CAS-before-RAS refresh 

Ordering Information 



Type No. 


Access Time 


Package 


HM514256P-8 


80ns 




HM514256P-10 


100ns 


300 mil 20-pin Plastic DIP 


HM514256P-12 


120ns 




HM5 14256 JP-8 


80ns 




HM5 14256 JP-10 


100ns 


300 mil 20-pin Plastic SOJ 


HM514256JP-12 


120ns 




HM514256ZP-8 


80ns 




HM514256ZP-10 


100ns 


400 mil 20-pin Plastic ZIP 


HM514256ZP-12 


120ns 





Pin Arrangement 

HM514256P Series 



HM5 14256 JP Series 



HM514256ZP Series 



i/oi[T 
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Hitachi Pin No. 




(Top View) 
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1 OE 
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^ 
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I/Ol 6 


± 
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^ 


9RAS 


NC 10 


f 
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f 


13 A2 


A3 14 


'C 


15 V'cc 


A4 16 


%, 


17 A5 
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^ 


19 A7 


A8 20 


yD 




(Bottom View) 



HM514256P Series 




(DP-20NA) 



HM5 14 256 JP Series 



^^^ 



(CP-20D) 



HM514256ZP Series 




(ZP-20) 




Pin Description 



A0-A8 


Address Input 


A0-A8 


Refresh Address Input 


I/O 1 - 1/04 Data Input/Data Output 


OE 


Output Enable 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 
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HM51 4256 Series - 
Block Diagram 



RAS 



RAS 

Control 

Circuit 



I/Ol 



CAS 

t 



CAS 

Control 

Circuit 



WE 

Control 

Circuit 



_L 



OE 

Control 

Circuit 

~~1 



JP"^^ 



128k 
Memory 
Cell 
Array 



I N WordDnvtr 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Memory 

Cell 

Array 



ii=-i. 



128k 
Memory 
Cell 
Array 



Memory 

Cell 

Array 



Memory 

Cell 

Array 



Memory 

Cell 

Array 



Woni Dnw <> 



Row Address Buffer 



1^ 



Column Address Buffer 



~] A0-A8 r 



IT 



Absolute IVIaximum Ratings 

Voltage on any pin relative to Vss -1 V to +7V 

Operating temperature, Ta(Annbient) 0**Cto+70°C 

Storage temperature (Ambient) -55°C to +125°C 

Power dissipation 1 W 

Short circuit output current 50 mA 

Recommended DC Operating Conditions (Ta = to +70° C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage 


vcc 


4.5 


5.0 


5.5 


V 


Input High voltage 


VlH 


2.4 


- 


6.5 


V 


I/O Pin 


ViL 


-1.0 


- 


0.8 


V 


Others 


ViL 


-2.0 


- 


0.8 



Note: All voltages referenced to V^g. 
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-HM514256SeriM 



DC Characteristics (Vcc = 


5V ±10% 


.Vss- 


= 0V,7'fl 


= 0to+70°C) 






Parameter 


Symbol - 


HM5 14256-8 
Min Max 


HM514256-10 
Min Max 


HM5 14256-12 
Min Max 


Unit Test conditions 


Notes 


Operating 
current 


^CCl 


- 


66 


- 


55 


- 


47 


„. R AS, CAS cycling, 
^i?C = Min. 


1,2 


Standby 
current 


^CC2 - 


- 


2 

1 


- 


2 
1 


- 


2 

1 


RAS, CAS=ViH TTL 
mA Dout=High-Z interface 

RAS,CAS^Kce-0.2V CMOS 
Dout=High-Z interface 




Refresh 
current 


^CCi 


- 


66 


- 


55 


- 


47 


„A RAS-only refresh, 
"'^ r/^C=Min. 


2 


Standby 
current 


Jccs 


- 


5 


- 


5 


- 


5 


mA RAS=F/^ CAS=F/x„ 
Dout enable 


1 


Refresh 
current 


^cce 


- 


66 


- 


55 


- 


47 


^ . C AS-before-RAS refresh, 
"^^ tRC- Min. 




Operating 
current 


^ca 


- 


66 


- 


55 


- 


47 


„. A Page mode, RAS = F// , 
"^^ CAS cycling, rpc= Min 


1,3 


Input leakage 


lu 


-10 


10 


-10 


10 


-10 


10 


mA K/„=0to+7V 




Output 
leakage 


ILO 


-10 


10 


-10 


10 


-10 


10 


^^ Dout = disable 




Output levels 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V /(?/^ = -5mA 




Vol 





0.4 





0.4 





0.4 


V /o/,= 4.2mA 





Notes: 1. Icc depends on output loading condition when the device is selected, 
condition. 

2. Address can be changed less than three tim es wh ile RAS = Vji. 

3. Address can be changed once or less while CAS = Vjff. 

Capacitance (Vcc = 5V ± 10%, Ta = 25*'C) 



Ice n^ax. is specified at the output open 



Parameter 


Symbol 


Type 


Max 


Unit 


Notes 


Address 


Cjl 


- 


5 


pF 


1 


Input capacitance ras, CAS, WE, OE 


CI2 


_ 


7 


PF 


1 


Input/Output capacitance ^^^^"^^""'^^^'^ 


Clio 


- 


10 


pF 


1,2 




Notes: 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vij{ to disable Dout. 

AC Characteristics {Vcc = 5V ±10%, Vss = OV, Ta = to +70°C)*^'*^^'*ii 

Test Conditions 

• Input rise and fall times: 5ns 

Input timing reference levels: 0.8V, 2.4V 

Output load: 2TTL Gate + Cl (lOOpF) (Including scope and jig) 
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HM514256 Series- 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 



Parameter 


Symbol 


HM5 14256-8 
Min Max 


HM5 14256-10 
Min Max 


HM514256-12 
Min Max 


Unit 


Notes 


Random read or write cycle time 


tRC 


160 


- 


190 


- 


220 


- 


ns 




RAS precharge time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS pulse width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS pulse width 


tCAS 


40 


10000 


50 


10000 


60 


10000 


ns 




Row address setup time 


tASR 





- 





- 





- 


ns 




Row address hold time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column address setup time 


Use 





- 





- 





- 


ns 




Column address hold time 


tCAH 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS delay time 


tRCD 


22 


40 


25 


50 


25 


60 


ns 




RAS hold time 


(RSH 


40 


- 


50 


- 


60 


- 


ns 




CAS hold time 


tCSH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




Transition time (rise and fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 




Refresh period 


tREF 


- 


8 


- 


8 


- 


8 


ns 




OE to data-in delay time 


tODD 


20 


- 


25 


- 


30 


- 


ns 




CAS to data-in delay time 


tCDD 


20 


- 


25 


- 


30 


- 


ns 




OE hold time referenced to WE 


tOEH 


25 


- 


25 


- 


30 


- 


ns 




OE delay time from Din 


WZO 





- 





- 





- 


ns 




CAS delay time from Din 


^DZC 





- 





- 





- 


ns 




Read Cycle 


Parameter 


Symbol - 


HM5 14256-8 
Min Max 


HM5 14256-10 
Min Max 


HM5 14256-12 
Min Max 


Unit 


Notes 


Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


2,3 


Access time from CAS 


tCAC 


- 


40 


- 


50 


- 


60 


ns 


3,4 


Access time from OE 


tOAC 


- 


25 


- 


25 


- 


30 


ns 




Read command setup time 


tRCS 





- 





- 





- 


ns 




Read command hold time referenced to CAS 


fRCH 





- 





- 





- 


ns 




Read command hold time referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Output buffer turn-off delay time 


tOFFX 


- 


20 


- 


25 


- 


30 


ns 


5 


Output buffer turn-off delay time referenced 
toOE 


tOFFl 


- 


20 


- 


25 


- 


30 


ns 


5 


Write Cycle 


Parameter 


Symbol - 


HM5 14256-8 
Min Max 


HM5 14256-10 
Min Max 


HM5 14256-12 
Min Max 


Unit 


Notes 


Write command setup time 


^WCS 





- 





- 





- 


ns 


8 


Write command hold time 


fWCH 


20 


- 


20 


- 


25 


- 


ns 




Write command pulse width 


fWP 


15 


- 


15 


- 


20 


- 


ns 




Write command to RAS lead time 


(RWL 


30 


- 


35 


- 


40 


- 


ns 




Write command to CAS lead time 


fCWL 


30 


- 


35 


- 


40 


- 


ns 




Data-in setup time 


fDS 





- 





- 





- 


ns 


9 


Data-in hold time 


tDH 


20 


- 


20 


- 


25 


- 


ns 


9 



626 



0HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM51 4256 Series 



Read-Modify -Write Cycle 



Parameter 


Symbol 


HM5 14256-8 
Min Max 


HM5 14256-10 
Min Max 


HM5 14256-12 
Min Max 


Unit 


Notes 


Read-Write cycle time 


tRWC 


225 


265 


305 


ns 




Read-Write cycle RAS pulse width 


tRWS 


145 


175 


205 


ns 




RAS to WE delay time 


^RWD 


110 


135 


160 


ns 


8 


CAS to WE delay time 


^CWD 


70 


85 


100 


ns 


8 


Refresh Cycle 


Parameter 


Symbol 


HM5 14256-8 
Min Max 


HM5 14256-10 
Min Max 


HM5 14256-12 
Min Max 


Unit 


Notes 


CAS setup time (CAS-before-RAS refresh) 


tCSR 


10 


10 


10 


ns 




CAS hold time (CAS-before-RAS refresh) 


tCHR 


20 


20 


25 


ns 




RAS precharge to CAS hold time 


tRPC 


10 


10 


10 


ns 




Page Mode Cycle 


Parameter 


Symbol - 


HM5 14256-8 
Min Max 


HM5 14256-10 
Min Max 


HM5 14256-12 
Min Max 


Unit 


Notes 


Page mode read or write cycle 


tpc 


60 


70 


85 


ns 




Page mode CAS precharge time 


tCP 


10 


10 


15 


ns 




Page Mode Read-Modify-Write Cycle 


Parameter 


Symbol ■ 


HM5 14256-8 
Min Max 


HM5 14256-10 
Min Max 


HM5 14256-12 
Min Max 


Unit 


Notes 


Page mode read modify write cycle time 


fPCM 


125 


145 


170 


ns 




Page mode read modify write CAS pulse 
width 


tCRW 


105 


125 


145 


ns 





Notes) *1. 
*2. 

*3. 
*4. 
*5. 

*6. 

*7. 



no. 



*ii. 



AC measurements assume tj = 5 ns. 

Assumes that tj^CD = ^RCD (max). If tjiCD is greater than the maximum recommended value shown in this 
table, tji/ic exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
Assumes that tj^CD — ^RCD (i^iax). 

tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 
Transition times are measured between Vjff and Vji, 

Operation with the tjiCD (max) limit insures that tji/^c (max) can be met, tRCD (max) is specified as a refer- 
ence point only, if tjn^CD is greater than the specified tj^CD (max) limit, then access time is controlled exclu- 
sively by tCAC 

^WCS and tcWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if ^pj/CiS ^ ^WCS (min), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if ^/?f(/£> ^ tj^^j) (min) and tcwj) ^ ^CM) (min), 
the cycle is a read-write and the data output will contain data read from the selected cell; if neither of the 
above sets of conditions is satisfied, the c ondition of the data out (at access time) is indeterminate. 
These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

An initial pause of 100/us is req uired after power-up follo wed by eight or more initialization cycles (any 
combination of cy cles co ntain ing RAS clock such as RAS-only refresh). If internal refresh counter is used, 
eight or more CAS-before-RAS refresh cycles are required. 

In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying data to the 
device. 
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HM51 4256 Series- 



Timing Waveforms 
Read Cycle 



Early Write Cycle 
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HM51 4256 Series 



Delayed Write Cycle 
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HM51 4256 Series - 



RAS-Oniy Refresh Cycle 
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-HM51 4256 Series 



Page Mode Early Write Cycle 
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HM51 4256 Series- 



Page Mode Read-Modify-Write Cycle 
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-HM51 4256 Series 



SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE 



SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 
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HM51 4256 Series - 



RAS ACCESS TIME vs. SUPPLY VOLTAGE 



RAS ACCESS TIME vs. AMBIENT TEMPERATURE 
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HM514256S Series 
HM514256A Series 



262144-Word x 4-Bit CIVIOS Dynamic RAIVi 

The Hitachi HM514256S/A is a CMOS dynamic RAM organized 
262144-word x 4-bit. HM514256S/A has realized higher density, 
higher performance and various functions by employing 1.3 }im 
CMOS technology and some new CMOS circuit design technologies. 
The HM514256S/A offers Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514256S/A to be 
packaged in standard 20-pln plastic DIP, 20-pin plastic SOJ and 20- 
pin plastic ZIP. 



Features 

• Single 5 V (±10%) 

• Highspeed: Access Time 80 ns/100 ns/120 ns (max) 

• Low power: Standby 1 1 mW (max) 

Active 363 mW/302.5 mW/258.5 mW (max) 

• Fast page mode capability 

• 512 refresh cycles: (8 ms) 

• 2 variations of refresh: RAS-only refresh 

CAS-before-RAS refresh 



Pin Arrangement 



. HM514256SP 


. HM514256SJP 


. HM514256SZP 


Series 


Series 


Series 


. HM514256AP 


. HM514256AJP 


• HM514256AZP 


Series 


Series 
pHitachi Pin No^ 


Series 


I/OlQ 


1 20 


Jv. 


J 


rEDECPinN< 

1 


3. 




1/02 [^ 


2 19 


^1/04 


I/Ol 1[ 


— ! — 1 

1 ^ 26 


boVss 




WEC 


3 18 


]]l/03 


1/02 2[ 
WE 31 


2 25 

3 24 


]19 1/04 
118 1/03 


CAS-2 
1/04 4 




1 ut 
3 1/03 


RAS[^ 


4 17 


^CAS 


RAS 4[ 


4 23 


117 CAS 


I/Ol 6 




5Vs5 


NCC 


5 16 


"Jm 


NC 5t 


5 22 


116 OE 


WE 8 




7 1/02 
9 RAS 


AOC 


6 15 


:]A8 








NCIO 
A112 




llAO 


Aid 


7 14 


DAT 


AO 6[ 


9 18 


]15 A8 


ASH 


J 


13 A2 
15 Vcc 


A2C 


8 13 


3 AS 


Al 7[ 
A2 8i 


10 17 

11 16 


114 A7 
113 A6 


A416 
A618 


= 


17 AS 
19A7 


A3r 


9 12 


-]A5 


A3 9( 


12 15 


J12 AS 


A820 


yd 


KccC 


10 11 


::a4 


Vcc 101 


13 14 


111 A4 










(Top View) 


(Top View) 


(Bottom View) 



HM514256SP Series 
HM514256AP Series 




(DP-20NA) 



HM514256SJP Series 
HM514256AJP Series 




(CP-20D) 



HM514256SZP Series 
HM514256AZP Series 




(ZP-20) 




Pin Description 



Pin Name 


Function 


A0-A8 


Address input 


A0-A8 


Refresh address input 


I/01-I/04 


Data input/Data output 


RAS 


Row address strobe 


CAS 


Column address strobe 


WE 


Write enable 


OE 


Output enable 


Vcc 


Power supply (+5 V) 


Vss 


Ground 
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HM514256S Series, HM514256A Series 



Ordering Information 



Type No. 


Access Time 


Package 


Type No. 


Access Time 


Package 


HM514256P-8S 


80 ns 


300-mil 20-pm 


HM514256AP-8 


80 ns 


300-mil 20-pin 


HM514256P-10S 


100 ns 


plastic DIP 


HM514256AP-10 


100 ns 


plastic DIP 


HM514256P-12S 


120 ns 


(DP-20NA) 


HM514256AP-12 


120 ns 


(DP-20NA) 


HM514256JP-8S 


80 ns 


300-mil 20-pin 


HM514256AJP-8 


80 ns 


300-mil 20-pin 


HM514256JP-10S 


100 ns 


plastic SOJ 


HM514256AJP-10 


100 ns 


plastic SOJ 


HM514256P-12S 


120 ns 


(CP-20D) 


HM514256AJP-12 


120 ns 


(CP-20D) 


HM514256ZP-8S 


80 ns 


400-mil 20-pin 


HM5 14256 AZP-8 


80 ns 


400-mil 20-pin 


HM514256ZP-10S 


100 ns 


plastic ZIP 


HM514256AZP-10 


100 ns 


plastic ZIP 


HM514256ZP-12S 


120 ns 


(ZP-20) 


HM514256AZP-12 


120 ns 


(ZP-20) 



Biocl( Diagram 

HM514256S Series 



RAS 

Control 

Circuit 



CAS 

Control 

Circuit 



WE 

Control 
Circuit 



OE 



OE 

Control 

Circuit 



I/O Buffer 



J^^l 



Cell 
Array 



I N WonlDiwr 



128k 
Memory 
Cell 
Array 



Cell 
Array 



128k 
Memory 
Cell 
Array 



R 



128k 
Memory 
Cell 
Array 



WonlDiwr Word Driver Word Driver Word Driver WoriPnw <> 

RmiDeeeikr Row Decoder Row Decoder Row Decoder RwDwoder 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Row Address Buffer 



H 



Column Address Buffer 



~| A0-A8 r 



IT 
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HM514256S Series, HM514256A Series 



HM5 14256 A Series 



± 



R^ Control 
Circuit 



CSS 

_1_ 



CAS Control 
Circuit 

1/01 1/02 
I I/O Buffer I 



WE 

± 



WE Control 
Circuit 

1/03 1/04 

I I I I 

I/O Butler 



± 



OE Control 
Circuit 



P- 



256k 
Memory 
Cell 
Array 



Row Decoder 



S^ 



TT 



256k 
Memory 
Cell 
Array 



^ i 



256k 
Memory 
Cell 
Array 



Word Driver 



Row Decoder 



Row Address Buffer 



T> 



256k 
Memory 
Cell 
Array 



Word Driver 



Row Decoder 



Column Address Buffer 



JT 




Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply voltage relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short circuit output current 


lout 


50 


mA 


Power dissipation 


Pt 


1.0 


W 


Operating temperature 


Topr 


to +70 


°C 


Storage temperature 


Tstg 


-55 to +125 


°c 
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HM514256S Series, HM514256A Series 



Recommended DC Operating Conditions (Ta = to +70X ) 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply voltage 




Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


•1 


Input high voltage 




Vw 


2.4 





6.5 


V 


♦ 1 


Input low voltage 


I/O pin 


ViL 


-1.0 





0.8 


V 


•I 


Others 


ViL 


-2.0 





0.8 


V 


•1 



Note: *1. All voltage referenced to Vss. 



DC Characteristics (Ta = to +70°C, Vcc = 5V ± 10%, Vss = V ) 





HM514256-8S HM514256-10S HM514256-12S 




Item 


Symbol HM514256A-8 HM514256A-10 HM514256A-12 Unit Test Conditions 
Min Max Min Max Min Max 


Note 


Operating 


Icci — 66 — 55 _ 47 mA R AS, CAS cycling 


*1.*2 


current 


tRc = Min 





— 2 — 



Standby current Icc2 



1 — 



M^.CAS 
= Wm TTL 

mA Dout = High-Z interface 
RAS,CAS> 
Vcc -0.2 V CMOS 
Dout = High-Z interface 



RAS-only 
refresh current 


ICC3 


— 


66 


— - 


55 


— 


47 


mA 


tRc = Min 


♦2 


Standby current 


Ices 


— 


5 


— 


5 


— 


5 


mA 


RAS = ViH 
CAS == ViL 
Dout = enable 


*! 


CAS-before-RAS 
refresh current 


ICC6 


— 


66 


— 


55 


-^ 


47 


mA 


tRC = Min 




Fast page mode 
current 


ICC7 


— 


55 


— 


55 


— 


47 


mA 


tPc = Min 


•l.*3 


Input leakage 
current 


Ili 


-10 


10 


-10 


10 


-10 


10 


^A 


V < Vin < 7 V 




Output leakage 
current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


^lA 


V < Vout < 7 V 
Dout = disable 




Output high 
voltage 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High lout = -5 mA 




Output low 
voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low lout = 4.2 mA 





Notes: *1. Ice depends on output loading condition when the device is selected. 

Ice max is specified at the output open condition. 

*2. Address can be changed less than three tim es wh ile RAS = Vil. 
*3. Address can be changed once or less while CAS = Vih. 
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HM514256S Series, HM514256A Series 



Capacitance (Ta = 25'^C, 


VCC = 5V±10%) 












Item 




Symbol 


Typ 


Max 


Unit 


Note 




Address 


Cii 


— 


5 


pF 


*i 


Input capacitance 


Clock 


Cl2 


— 


7 


pF 


•1 


Input/Output capacitance 


Data input/Data output 


Cvo 


— 


10 


pF 


*\.*2 



Notes: *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = Vni to disable Dout. 



AC Characteristics (Ta = to +70X, Vcc = 5 V ± 10%, Vss = V)*^^ 
Test Conditions 

Input rise and fall times: 5 ns Output load: 2TTL Gate + Gl (1 00 pF) 

Input timing reference levels: 0.8 V, 2.4 V (Including scope and jig) 



Read, Write, Read-IVIodify-Write and Refresii Cycies (Common Parameters) 



Item 


Symbol 


HM514256-8S 

HM5 14256 A-8 

Min Max 


HM514256-10S 
HM514256A-10 
Min Max 


HM514256-12S 
HM514256A-12 
Min Max 


Unit Note 


Random read or write cycle time 


tRC 


160 


— 


190 


— 


220 


— 


ns 


RAS precharge time 


tRP 


70 


— 


80 


— 


90 


— 


ns 


RAS pulse width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 


CAS pulse width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 


Row address setup time 


tASR 





— 





— 





— 


ns 


Row address hold time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 


Column address setup time 


tASC 





— 





— 





— 


ns 


Colunm address hold time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 


RAS to CAS delay time 


tRCD 


22 


55 


25 


75 


25 


90 


ns •« 


RAS to column address delay time 


tRAD 


17 


40 


20 


55 


20 


65 


ns •' 


RAS hold time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 


CAS hold time 


tCSH 


80 


— 


100 


— 


120 


— 


ns 


CAS to RAS precharge time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 


OE to Din delay time 


tODD 


20 


— 


25 


— 


30 


— 


ns 


OE delay time from Din 


tDZO 





— 





— 





— 


ns 


CAS delay time from Din 


tDZC 





— 





— 





— 


ns 


Transition time (rise and fall) 


tr 


3 


50 


3 


50 


3 


50 


ns *'-*' 


Refresh period 


tREF 


— 


8 


— 


8 


— 


8 


ms 
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HM514256S Series, HM514256A Series 



Read Cycle 



Item 


Symbol 


HM514256-8S 

HM514256A-8 

Min Max 


HM514256-10S 

HM514256A-10 

Min Max 


HM514256-12S 

HM514256A-12 

Min Max 


Unit 


Note 


Access time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


•2.*3 


Access time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


•3.M 


Access time from Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


•3.*5 


Access time from OE 


tOAC 


— 


25 


— 


25 


— 


30 


ns 




Read command setup time 


tRCS 





— 





— 





— 


ns 




Read command hold time to CAS 


tRCH 





— 





— 





— 


ns 




Read command hold time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column address to RAS lead time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output buffer turn-off time 


tOFFl 


— 


20 


— 


25 


— 


30 


ns 


*6 


Output buffer turn-off to OE 


tOFF2 


— 


20 


— 


25 


— 


30 


ns 


•6 


CAS to Din delay time 


tCDD 


20 


— 


25 


_ 


30 


— 


ns 




Write Cycle 


Item 


Symbol 


HM514256-8S 

HM514256A-8 

Min Max 


HM514256-10S HM514256-12S 

HM514256A-10 HM514256A-12 

Min Max Min Max 


Unit 


Note 


Write command setup time 


twcs 





— 





— 





— 


ns 


•10 


Write command hold time 


tWCH 


20 


^ 


20 


— 


25 


— 


ns 




Write command pulse width 


tWP 


15 


— 


15 


— 


20 


— 


ns 




Write command to RAS lead time 


tRWL 


25 


— 


25 


— . 


30 


— 


ns 




Write command to CAS lead time 


tCWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in setup time 


tDS 





— 





— 





— 


ns 


•11 


Data-in hold time 


tDH 


20 


. — 


20 


— 


25 


, — 


ns 


•11 


Read-Modlfy-Write Cycle 


Item 


Symbol 


HM514256-8S 

HM514256A-8 

Min Max 


HM514256-10S 

HM514256A-10 

Min Max 


HM514256-12S 

HM514256A-12 

Min Max 


Unit 


Note 


Read- write cycle time 


tRWC 


220 


— 


255 


__ 


295 


__ 


ns 




RAS to WE delay time 


tRWD 


no 


— 


135 


— 


160 


— 


ns 


•10 


CAS to WE delay time 


tCWD 


55 


— 


60 


— 


70 


— 


ns 


•10 


Column address to WE delay time 


tAWD 


70 


— 


80 


— 


95 


— 


ns 


•10 


OE hold time from WE 


tOEH 


25 


— 


25 


— 


30 


— 


ns 
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Refresh Cycle 







HM514256-8S 


HM514256-10S 


HM514256-12S 






Item 


Symbol 


HM5 14256 A-8 


HM514256A-10 


HM514256A-12 


Unit 


Note 






Min 


Max 


Min 


Max 


Min Max 






CAS setup time 


tCSR 


10 


— 


10 


— 


10 — 


ns 




(CAS-before-RAS refresh cycle) 


















CAS hold time 


tCHR 


20 


— 


20 


— 


25 — 


ns 




(CAS-before-RAS refresh cycle) 


















RAS precharge to CAS hold time 


tRPC 


10 


— 


10 


— 


10 — 


ns 





Fast Page Mode Cycle 



Item Symbol 


HM514256-8S HM514256-10S 

HM514256A-8 HM514256A-10 

Min Max Min Max 


HM514256-12S 

HM514256A-12 

Min Max 


Unit 


Note 


Fast page mode cycle time tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast page mode CAS precharge time tcp 


10 


— 


10 


— 


15 


— 


ns 




Fast page mode RAS pulse width Irasc 


— 


100000 


— 


100000 


— 


100000 


ns 


•12 


Access time from CAS precharge tACP 


— 


50 


— 


50 


— 


60 


ns 


•13 


RAS hold time from CAS precharge Irhcp 


50 


— 


50 


— 


60 


— 


ns 




Fast page mode read- write cycle time tPCM 


110 


— 


115 


— 


135 


— 


ns 





Notes: *1. 
*2. 

*3. 
*4. 
*5. 
*6. 

*7. 
*8. 

*9. 

*10. 



♦11. 

♦12. 
*13. 
*14. 



AC measurements assume tT= 5ns. 

Assumes that tRCD < tRCD (max) and tRAD < tRAD (max). If IRCD or IRAD is greater than the maximum recommended value shown 
in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and 1 OOpF. 
Assumes that tRCD > tRCD (max) and irad <> tRAD (max). 
Assumes that tRCD < tRCD (max) and tRAD > tRAD (max). 

tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

Transition times are measured between Vm and Vbl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, if 
tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, if 
tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA. 
twcs, tRWD, tcWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs > twcs (min), the cycle is an early write cycle and the data out pin wiU remain open circuit (high 
impedance) throughout the entire cycle; if tRWD > tRWD (min), tcwD>tcWD (min) and tAWD > tAWD (min), the cycle is a read- 
write and the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed wnie or read- 
modify-write cycles. 

tRASC is determined by RAS pulse width in fast page mode cycles. 
Access time is determined by the longer of tAA, tCAC or tACP. 

An initial pause o f 1 00 |Js is r equired after power-up followed by eight or more initialization cycles ( any co mbina tion of cycles 
containing RAS clock such as R AS-only refresh). If the internal refresh counter is used, eight or more CAS-before-RAS refresh 
cycles are required. 




Hitachi America, Ltd. 



0HITACHI 

» Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



641 



HM514256S Series, HM514256A Series 



Timing Waveforms 
Read Cycle 



X 



yzj^K 



K 



s^E®: 



TMim 



/ 



MMMK 



High-Z 



-^^^ 



:wziL 



C Valid V 

Output ^Z" 



W////////////A. ///////////// 



1 777777, 



X///A ' J^o"'* c"" 
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HM514256S Series, HM514256A Series 



Early Write Cycie 



\ 



\ r 



v:m\ 



-- "m'^^m^^mMMK 



^- ////////> ■ 



w///m 



y///////////// 



Valid Input 



N 



: ^////////////// 



H!gh-Z 



OE : Don't care 

iwcs > twcs (min) 

g?^ : Don't care 



Delayed Write Cycle 



A...,. m Row ^^ Column ff/T///////// 



m///////m m\ 
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High-Z 
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Valid 
Input 
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HM514256S Series, HM514256A Series 
Read-Modify-Write Cycle 



vOIZv 



'V 



/ 



wmm 



-mm 



^ Mimiiimit L 



High-Z 



;' Valid ""v 
■^Output f 
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Valid 
Input 
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RAS-Only Refresh Cycle 



^S L "" 1 /- 
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■\. 



w///////////// 



777m r^^^:^/////////////////n> 



High-Z 



OE, WE : Don't care 
1^^^ : Don't care 
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HM514256S Series, HM514256A Series 



CAS-before-RAS Refresii Cycle 
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CAS "~ 
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Fast Page Mode Read Cycle 



WB 
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HM514256S Series, HM514256A Series 
Fast Page Mode Eariy Write Cycie 
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S 
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^:^^-, 



J- K 7 C 3 
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Fast Page Delayed Write Cycle 
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HM514256S Series, HM514256A Series 



Fast Page Mode Read-Modify- Write Cycle 
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HM514256S Series, HM514256A Series 



Supply Current (Active) vs. Supply Voltage 
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HM514256S Series, HM514256A Series 



RAS Access Time vs. Supply Voltage 
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(DP-20NA) 



HM514256API/AJPI/AZPI-6/7/8/10/12-Prellminary 

(Extended Temperature Range Version) 

262, 144- Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HI\/I514256A is a CMOS dynamic RAM organized 
262,144-word x 4-bit. HM514256A has realized higher density, 
higher performance and various functions by employing 1.3/Am 
CMOS process technology and some new CMOS circuit design tech- 
nologies. The HM514256A offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits HM514256A to be packaged in 
standard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP 

■ FEATURES 

• Single 5V(± 10%) 

• High Speed 

Access Time 60/70/80/100/120ns (max.) 

• Low Power Dissipation 

Active Mode 495/440/363/303/259mW (max.) 

Standby Mode 11 mW (max.) 

• Fast Page Mode Capability 

• 512 Refresh Cycles (8 ms) 

• 2 V ariatio ns of Refresh 

RAS-Only Refresh 
CAS-Before-RAS Refresh 

■ ORDERING INFORMATION 



(ZP-20) 



Part No. 


Access 


Package 


HM514256API-6 


60ns 




HM514256API-7 


70ns 


300 mil 20 pin 


HM514256API-8 


80ns 


Plastic DIP 


HM514256API-10 


100ns 


(DP-20NA) 


HM514256API-12 


120ns 




HM514256AJPI-6 


60ns 




HM514256AJPI-7 


70ns 


300 mil 20 pin 


HM514256AJPI-8 


80ns 


Plastic SOJ 


HM514256AJPI-10 


100ns 


(CP-20D) 


HM514256AJPI-12 


120ns 




HM514256AZPI-6 


60ns 




HM514256AZPI-7 


70ns 


400 mil 20 pin 


HM514256AZPI-8 


80ns 


Plastic ZIP 


HM514256AZPI-10 


100ns 


(ZP-20) 


HM514256AZPI-12 


120ns 






(CP-20D) 




PIN DESCRIPTION 




Pin Name 


Function 


Ao-Ag 


Address Input 


Ao-As 


Refresh Address Input 


1/0,-1/04 


Data-In/Data-Out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


OE 


Output Enable 


Vcc 


Power Supply (+ 5.0V) 


Vss 


Ground 
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HM514256API/AJPI/AZPI-6/7/8/10/12 
■ PIN ARRANGEMENT 



• HM514256AP Series 


I/O1 c 


1 


20 


U Vss 


I/O2C 


2 


19 


III/O4 


We [I 


3 


18 


III/O3 


RASC 


4 


17 


J CAS 


NC [Z 


5 


16 


DOE 


AoE 


6 


15 


DA8 


AlC 


7 


14 


IIA7 


A2C 


8 


13 


DAe 


A3C 


9 


12 


Das 


VccC 


10 


11 


I]A4 




(Top View) 





• HM514256AJP Series 


r- Hitachi Pin No. -1 
JEDEC Pin No. 


1/01 1 C "PS^26T320 Vss 
1/02 2C 2 25 ]19 1/04 
WE 3 C 3 24 ] 18 1/03 
RAS 4C 4 23 ]17 CAS 
NC 5C 5 22 3I6OE 


Ao 6C 


9 18 


315 A8 


Ai 7C 


10 17 


314 A7 


A2 8C 


11 16 


313 A6 


A3 9C 
VcclOC 


12 15 

13 14 


312 A5 
311 A4 


(Top View) 



• HM514256AZP Series 




C^ 


1 OE 


CAS 2 


*=£^ 


3 1/03 


1/04 4 


*=£ 


5 Vss 


1/01 6 


C" 






n~^ 


7 1/02 


WE 8 


fT=^ 


9 RAS 


NC 10 


^=^ 


11 Ao 


A1 12 


t " 




A3 14 


1^ 


I3A2 


Y;-^ 


15Vcc 


A4 16 


^C 


17 A5 


A6 18 


^=S^ 


I9A7 


A8 20 


" 




(Bottom View) 



■ BLOCK DIAGRAM 



RAS 



RAS Control 
Circuit 



CAS 



CAS Control 

Circuit 



r 
1/01 1/02 

I I/O Buffer | 



WE 



WE Control 
Circuit 



1/03 1/04 
I IAD Buffer | 



OE 



OE Control 
Circuit 






256k 

Memory 

Ceil 

Array 



256k 

Memory 

Cell 

Array 



256k 

Memory 

Cell 

Array 



256k 

Memory 

Cell 

Array 



Word Driver 



Row Decoder 



Word Driver 



Word Driver 



Row Decoder 



Row Decoder 



Row Address Buffer 



Word Driver 



Row Decoder 



Column Address Buffer 



Ao-Aa ' 
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HM514256API/AJPI/AZPI-6/7/8/10/12 



I ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T 

*opr 


-40 to +85 


°C 


Storage Temperature 


Tstg 


-55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (\ = -40 to +85°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


(I/O Pin) 


ViL 


-1.0 


— 


0.8 


V 


1 


(Others) 


ViL 


-2.0 


— 


0.8 


V 


1 



NOTE: 1. All voltage referenced to Vss- 

■ DC CHARACTERISTICS (T^ = -40 to +85°C, Vcc = 5V ± 10%, Vss = OV) 



Parameter 


Symbol 


Test Conditions 


514256A-6 


514256A-7 


514256A-8 


514256A-10 


514256A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Mm. 


Max. 


Mm. 


Max. 


Min. 


Max 


Operating Current 


Ice. 


tRc = mm. 


- 


90 


- 


80 


- 


66 


- 


55 


- 


47 


mA 


1,2 


Standby Current 


ICC2 


TTL Interface 
RAS, CAS = VjH 
DouT = High-Z 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




CMOS Interface 

RAS, CAS > Vcc -0.2V 

DouT = High-Z 


- 


1 


- 


1 


- 


• 


- 


1 


- 


1 


mA 




RAS-Only 
Refresh Current 


ICC3 


W ~ '^^"• 


- 


90 


- 


80 


- 


66 


- 


55 


- 


47 


mA 


2 


Standby Current 


ICC5 


RAS = ViH, CAS = VjL 
DouT = Enable 


- 


5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


1 


CAS-Before-RAS 
Refresh Current 


ICC6 


tpc = "lin- 


- 


80 


- 


70 


- 


66 


- 


55 


- 


47 


mA 




Fast Page 
Mode Current 


ICC7 


tpc = min. 


- 


80 


- 


70 


- 


55 


- 


55 


- 


47 


mA 


1,3 


Input Leakage 
Current 


Ili 


OV < V,N < 7V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


HA 




Output Leakage 
Current 


Ilo 


OV < VouT ^ 7V 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


M 




Output High 
Voltage 


Vqh 


High louT = -5 mA 


2.4 


Vcc 


24 


Vcc 


24 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low Iqut = 4.2mA 





0.4 





0.4 





0.4 





0.4 





0.4 


V 






NOTES: 1 . Ice depends on 

2. Address can be 

3. Address can be 



output load condition when the device is selected, Ice max. 
changed less than three times while RAS = Vjl. 
changed once or less while CAS = Vih. 



is specified at the output open condition. 
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HM514256API/AJPI/AZPI-6/7/8/10/12 



CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Cii 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-Out) 


Ci/o 


— 


10 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS (Ta = -40°C to 85°C, Vcc = 5V ± 10%, Vss = OV)(i)> (W) 
• Read, Write, Read-Modify- Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


514256A-6 


514256A-7 


514256A-8 


514256A-10 


514256A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


Jrc 


120 


- 


130 


- 


160 


- 


190 




220 


- 


ns 




RAS Precharge Time 


^RP 


50 


- 


50 


- 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


^RAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


ICAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-Up Time 


Iasr 





- 





- 





- 





- 





- 


ns 




Row Address Hold Time 


Irak 


10 


- 


10 


- 


12 


- 


15 


- 


15 


- 


ns 




Column Address Set-Up Time 


Use 





- 





- 





- 





- 





- 


ns 




Column Address Hold Time 


^CAH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS Delay Time 


Ircd 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address 
Delay Time 


Irad 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


Irsh 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




CAS Hold Time 


^CSH 


60 


- 


70 


- 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS Precharge Time 


tcRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




• Read, Write, Read-Modify- Write and Refresh Cycles (Common Parameters) 


Parameter 


Symbol 


514256A-6 


514256A-7 


514256A-8 


514256A-10 


514256A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


OE to DjN Delay Time 


Iqdd 


20 


- 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




OE Delay Time From D,n 


Idzo 





- 





- 





- 





- 





- 


ns 




CAS Delay Time From D,n 


Idzc 





- 





- 





- 





- 





- 


ns 




Transition Time (Rise and Fall) 


h 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


^REF 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


ms 
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HM514256API/AJPI/AZPI-6/7/8/10/12 



• Read Cycle 



Parameter 


Symbol 


514256A-6 


514256A-7 


514256A-8 


514256A-10 


514256A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Mm. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From RAS 


^RAC 


- 


60 


- 


70 


- 


80 


- 


100 


- 


120 


ns 


2,3 


Access Time From CAS 


tcAC 


- 


20 


- 


20 


- 


25 


- 


25 


- 


30 


ns 


3,4 


Access Time From Address 


tAA 


- 


30 


- 


35 


- 


40 


- 


45 


- 


55 


ns 


3,5 


Access Time From OE 


toAC 


- 


20 


- 


20 


- 


25 


- 


25 


- 


30 


ns 




Read Command Set-Up Time 


tRCS 





- 





- 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


^RCH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


- 


30 


- 


35 


- 


40 


- 


45 


- 


55 


ns 




Output Buffer 1\irn-0ff Time 


toFFl 


- 


20 


- 


20 


- 


20 


- 


25 


- 


30 


ns 


6 


Output Buffer 1\irn-0ff to OE 


k)FF2 


- 


20 


- 


20 


- 


20 


- 


25 


- 


30 


ns 


6 


CAS to D,N Delay Time 


^CDD 


20 


- 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




• Write Cycle 


Parameter 


Symbol 


514256A-6 


514256A-7 


514256A-8 


514256A-10 


514256A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Set-Up Time 


twcs 





- 





- 





- 





- 





- 


ns 


10 


Write Command Hold Time 


WCH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




Write Command Pulse Width 


%p 


10 


- 


10 


- 


15 


- 


15 


- 


20 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Data-in Set-Up Time 


tos 





- 





- 





- 





- 





- 


ns 


11 


Data-in Hold Time 


tDH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 


11 


• Read-Modify-Write Cycle 


Parameter 


Symbol 


514256A-6 


514256A-7 


514256A-8 


514256A-10 


514256A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read-Write Cycle Time 


^RWC 


170 


- 


180 


- 


220 


- 


255 


- 


295 


- 


ns 




RAS to WE Delay Time 


tRWD 


85 


- 


95 


- 


110 


- 


135 


- 


160 


- 


ns 


10 


CAS to WE Delay Time 


tcWD 


45 


- 


45 


- 


55 


- 


60 


- 


70 


- 


ns 


10 


Column Address to WE Delay Time 


UwD 


55 


- 


60 


- 


70 


- 


80 




95 


- 


ns 


10 


OE Hold Time From WE 


toEH 


20 


- 


20 


- 


25 


- 


25 


_ 


30 


- 


ns 




• Refresh Cycle 


Parameter 


Symbol 


514256A-6 


514256A-7 


514256A-8 


514256A-10 


514256A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Set-Up Time 
(CAS-Before-RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS-Before-RAS 
Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


.PC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 
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HM514256API/AJPI/AZPI-6/7/8/10/12 



• Fast Page Mode Cycle 



Parameter 


Symbol 


514256A-6 


514256A-7 


514256A-8 


514256A-10 


514256A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


45 


- 


50 


- 


55 


- 


55 


- 


65 


- 


ns 




Fast Page Mode CAS Prechart Time 


tcp 


10 


- 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


12 


Access Time From CAS Precharge 


Ucp 


40 


- 


45 


- 


50 


- 


50 


- 


60 


- 


ns 




RAS Hold Time From 
CAS Precharge 


^RHCP 


40 


- 


45 


- 


50 


- 


50 


- 


60 


- 


ns 




Fast Page Mode Read- Write 
Cycle Time 


^PCM 


95 


- 


100 


- 


110 


- 


115 


- 


135 


- 


ns 





NOTES: 1. AC measurements assume It = 5ns. 

2. Assumes that Ircd ^ tRCD (max.) and Irad ^ Irad (max.). If Ircd or tRAD is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circujt^quivalent to 2TTL loads and l(X)pF. 

4. Assumes that tRco ^ Ircd (max.) and tRAD :^ Irad (max.). 

5. Assumes that tRCD ^ Ircd (max.) and tRAD 2: tRAD (max.). 

6. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vm and Vil. 

8. Operation with the tRCD (max.) limit insures that tRAC (max.) can be met, Ircd (max.) is specified as a reference 
point only, if tRCD is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max.) limit insures that Irac (max.) can be met, tRAD (max.) is specified as a reference 
point only, if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled exclusively by Iaa- 

10. twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs ^ twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD 2: tRWD (min.), tcwD ^ tcwD (min.) and tAWD ^ 
tAWD (min.), the cycle is a read- write and the data output will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

1 1 . These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write 
or read-modify- write cycles. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP. 

14. An initial pause of 1(X) iis is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, a 
minimum of eight CAS-before-RAS refresh cycles are required. 
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■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



n: 



tASR 



Address 



WE 



Dout 



^: 



tRC 



tRAS 



tRCD 



tRAD 



N. 



tRAH *ASC 



Row 



:>^: 



^ tRSh" 



tCAS 



tcSH 



tRAL 



/' 



Column 



V////////////A 



Jrcs^ 



Hi-Z 



tRAC 



tDZC 



^C^v 



tCRP 



X 



\' ^/////////M 



tCAH 



^ ^^AC ^ 



tAA 



tOAC 



Dl. ///////////. 



Hi-Z 



tpzo 



5F y///////////////////A. ////////////////. 



tRCH^ 



, ^RRH . 



''^^ 



tOFFl 



^ca 



:put 



> 



tOFF2 




tCDD 



tODD 



w////////, 



w^ 



Don't care 
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• Early Write Cycle 



RAS 



CAS 



n: 



USR 



tRAH 



tRC 



tRAS 



tcSH 



]^* '"p >\ 



tRCD 



N. 



tASC 

— ^ 



Address ^^Z^{ Row 'l ^< Z^^Hoo^ > <^y^/^<^^^ 



tRSH 



tCAS 



y 



tCRP 



^ ^////////////A , 



^twcs^ 



tCAH 



twCH 



Ids" ^ tpH 



y/////////////A 



Din //////////////M V*.np. m W7 /////////, 

Hi-Z 



Dout 



* OE : Doni care 

* Y////\ : Don't care 
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Delayed Write Cycle 



RAS 



CAS 






tASR 



WE 



Din 



OE 



tRC 



tRAS 



tcSH 



tRCD 



tASC 



N. 



tRAH 



tRSH 



tCAS 



tCAH 



Address M"!^^^ ^ 0^^^- W/////////////////// 



tcWL 
tRW. 



/ 



.''pa^X 



tCRP 



X 



y///////////////.^^w)^r^//////////////. 



D,n '////////A 



DZO_^ 



tozc 



tDS 



tODD 



v/////////^//// 



twp 



tDH 



j^r^n^^; ^//^///////^ 




k)EH 



^/////////////7/. 



* Y////\ ' Don't care 
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• Read-Modify-Write Cycle 



RAS 



CAS 



Ns 



tASR 



Address 



^^: 



tRWC 



tRCD 



1' tcRP: 



* iBAD_^ 



^= 



tRAH 



tASC 



tRCS 



tCAH 



tCWD 



Ji' V 



^^^;^r w/////////><////////A 



tAWD 



Si ///////////// 



- y/////////A > 



Dout 



5-E V///////////A. . X 



tcWL 



^RWL 



lyVP 

i^ \ r:i//////////// A 




^:0on.. 
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RAS-Only Refresh Cycle 



RAS 



n: 



tcRPr^^ 



5as '^ 

tASR 



tRC 



tRAS 



K~^\ 



^RP 

-* LlL ^ 



tRPC 




Z^^^^y 



tRAH 



«d.ess 77?^s;^^:^( ?7Z7777/////////////////////////A 

Hi-Z 



Dout 



1 OE. WE : Don't care 

2 Y//y/Oi • ^°"^ ^^^^ 



• CAS-Before RAS Refresh Cycle 



RAS 



CAS 





Address, Din, WE : Don't care 
Dout: High-Z 
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• Fast Page Mode Read Cycle 



RAS 



N. 



CAS 



tASR 



Address 



tRASC 



tCSH 



/ tR^V 



< ?BCD_^ 



tRAH 



Row 



tRCS 



tRAD. 



tASC^ 



tCAS 

< >• 



\uf^\z^^'zy' 



tCAH 



tpc 



tcp 



tASC 



tRCS 



W1/I01 



W4/I04 



0. ^^^ 



Dout 



OE 



tpzc. 



tRCH 



^ 



tCDD. 



tODD, 



tCAC 



<^AA ^ 



tRAC 



Hi-Z 



tOAC 



tCAS 

-< ^ 



tCAH 




toZO . t ^DZO 

«OAC^_^ 



tRHCP 



tcp 

< > 



tASC 



3<^«S^^ 



tRChL 



tozc 

tCDD, 



tAA, 



tCAC 



tACP 



tOFFi 



tOFFl^ 



tRCS 



w 



Hi-Z 



tRSH 



tCAS 



tRAL 



tCAH 



tCRP 



tozc 



tCAC 
tAA^ 



tACP 



Jm. 



Hi-Z 



tODD 
^0FF2 



MZZhU^ 



tRCH 



J tRRH 

H tcDD 



tODD 



< Valid \ 
Output J r 



tOAC 



toFFi 



tOFF2 



* Y///A -Don't care 
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• Fast Page Mode Early Write Cycle 



RAS \ 



CAS 



tASR 



tRASC 



tcSH 



-^ tRCD ^ tcAS 



tRAH tASC 



tpc 



tcp 



tCAH 



tCAH tASC 



Address M "°w J X^ ^ Co'- ^^ f<^?y= ^ Col. ^^ ^^^>^| f~CoL 



_^wcs 



Si V////////>> . 



tCAS 



,,JDS^ 



twCH twCS 



.^^ 



tDH 



.^DS^ T^ 



tASC 



tRSH^I ^tRP^ 
tCRP ^ 



tCAS 



tCAH 



twcs 



twCH 



z'^2h. 



Din y///////^^"^^^ Input ^ |>^^> ^ Valid lnp7) ^^^^^ ^d lnput^ ^^< /^^^/^^ 

Hi-Z 



tos 



j^^ 



twCH 



W77/. 

.^H 



Dout 



* OE : Don't care 




: Don't care 
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• Fast Page Delayed Write Cycle 



DAC >" 



RAS 



CAS 



tASR 



tPASC 



tcSH 



tRCP 



tRAH 



tASC. 



^CAS^ 



>^^~^^^^^^^'^ 



tCAH 

-< >- 



tos^ 



Din 



Dout 



?scs3^:is:>®csj^^ 



tODD 



Of ^^ 



tcWL 



tcp 



tASC, 



Address /> ( ^<^ ^ N ^ C°'"'"" J 0? M Column ) ^ Column j > ^^^^^^ 



tpc 



J^^ 



tCAH 



wi V////////A . ^m A y^ . ^m^^m. 



twp 



tPH 



tos 



tcWL , 



tASC 

— >■ 



tpSH , 



:'^v 



< ^^^s^ 



tCAH 






< ^^»P» | 



twP 
-< — » ■ 



-< — > > 



tos^ 



< ^^WL ^ 



tRWL 



tWP 



twp 



tOEH 



Hi-Z 



v/////// 



2 



^: 



Don't care 
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• Fast Page Mode Read-Modify-Write Cycle 



HM514256API/AJPI/AZPI-6/7/8/10/12 



RAS 



CAS 



tASR 



tRP 



tpASC 



)r\ 



tRAD^ 



tpAH 



tCAH 
-«-tASC 



tpCM 



J^ 



tACP. 



tASCH 



^^—^ CAH 

^ Imn ^ U ^AWD ^, ^ 




OE 7ZZ^2A^' 



,^. 



Don't care 
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(DP-20NA) 



HM514256ALP/ALJP/ALZP-8/10/12-Preliminary 

262,144-Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514256ALP/ALJP/ALZP family is a CMOS dy- 
namic RAM organized 262,144-word x 4-bit. HM514256ALP/ALJP/ 
ALZP has realized higher density, higher performance and various 
functions by employing 1.3/im CMOS process technology and some 
new CMOS circuit design technologies. The HM514256ALP/ALJP/ 
ALZP offers Fast Page Mode as a high speed access mode. 

Multiplexed address input permits HM514256ALP/ALJP/ALZP to 
be packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP 

■ FEATURES 

• Single 5V(± 10%) 

• High Speed 

Access Time 80/100/120ns (max.) 

• Low Power Dissipation 

Active Mode 363/303/259mW (max.) 

Standby Mode 1.7mW (max.) 

• Fast Page Mode Capability 

• 512 Refresh Cycles (64 ms) 

• 2 V ariatio ns of Refresh 

RAS-Only Refresh 
CAS-Before-RAS Refresh 

■ ORDERING INFORMATION 



(ZP-20) 



Part No. 


Access 


Package 


HM514256ALP-8 

HM514256ALP-10 

HM514256ALP-12 


80ns 
100ns 
120ns 


300 mil 20 pin 
Plastic DIP 
(DP-20NA) 


HM514256AUP-8 

HM514256ALJP-10 

HM514256AUP-12 


80ns 
100ns 
120ns 


300 mil 20 pin 
Plastic SOJ 
(CP-20D) 


HM514256ALZP-8 

HM514256ALZP-10 

HM514256ALZP-12 


80ns 
100ns 
120ns 


400 mil 20 pin 

Plastic ZIP 

(ZP-20) 




(CP-20D) 




PIN DESCRIPTION 



Pin Name 


Function 


Ao-Ag 


Address Input 


Ao-Ag 


Refresh Address Input 


1/0,-1/04 


Data-In/Data-Out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


ol 


Output Enable 


Vcc 


Power Supply (+ 5.0V) 


Vss 


Ground 
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HM514256ALP/AUP/ALZP-8/10/12 
■ PIN ARRANGEMENT 



• HM514256ALP Series 


1/01 c 


1 


20 


Uvss 


I/02C 


2 


19 


III/O4 


WE ]~ 


3 


18 


III/O3 


RASL 


4 


17 


I] CAS 


NCC 


5 


16 


DOE 


AoC 


6 


15 


DA8 


AlC 


7 


14 


DA7 


A2C 


8 


13 


DA6 


AaC 


9 


12 


HAS 


VccC 


10 


11 


I]A4 




(Top 


View) 





• 


HM514256ALJP Series 




r- Hitachi Pin No.-, 
JEDEC Pjn No. 




1/01 


lCli"'^''26[|]20 Vss 


1/02 


2[ 


2 25 


]19 1/04 


WE 


3C 


3 24 


]18 1/03 


RAS 


4C 


4 23 


J 17 CAS 


NC 


5C 


5 22 


]16 OE 


Ao 


6C 


9 18 


]15 A8 


Ai 


7C 


10 17 


]14 A7 


A2 


8C 


11 16 


]13 A6 


A3 


9C 


12 15 


]12 A5 


Vcc 


IOC 


13 14 


]11 A4 




(Top View) 





• HM514256ALZP Series 




, 


1 OE 


CAS 2 


^^^> 


3 1/03 


1/04 4 


I — " 




1/01 6 


^C 


5 Vss 




n~^ 


7 1/02 


WE 8 


IT=^ 


9 RAS 


NC 10 


^c 


11 Ao 


Al 12 


^c 


13 A2 


A3 14 


^c 


15 Vcc 


A4 16 


^c 


17 A5 


A6 18 


^c 


I9A7 


A8 20 


■^ 




(Bottom View) 



BLOCK DIAGRAM 



RAS 



RAS Control 
Circuit 



CAS 

-JL- 



CAS Control 
arcuit 



1/01 
J. 



1/02 



WE 



I/O Buffer 



WE Control 
Qrcuit 

-J- 

1/03 1/04 

r-J L_ 

I/O Buffer 

_i lI: 



OE 



OE Control 
Circuit 



256k 

Memory 

Cell 

Array 



256k 

Memory 

Ceil 

Array 



256k 

Memory 

Ceil 

Array 



256k 

Memory 

Cell 

Array 



Word Driver 



Row Decoder 



Word Driver 



Word Driver 



Row Decoder 



Row Decoder 



Row AcJdress Buffer 



Word Driver 



Flow Decoder 



Column Address Buffer 



Ao-As ■ 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


^opr 


Oto +70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions i\ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


6.5 


V 


1 


Input IjOw Voltage 


(I/O Pin) 


ViL 


-1.0 


— 


0.8 


V 


1 


(Others) 


ViL 


-2.0 


— 


0.8 


V 


1 



NOTE: 1. All voltage referenced to Vss. 



■ DC ELECTRICAL CHARACTERISTICS (Ta = to +70°C, Vcc = 


= 5V ± 


10%, Vss =0V: 


1 






Parameter 


Symbol 


Test Conditions 


HM514256AL-8 


HM514256AL-10 


HM514256AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Operating Current 


icci 


tRc = min. 


— 


66 


— 


55 


- 


47 


mA 


1,2 


Standby Current 


ICC2 


TTL Interface RAS, 
CAS = ViH, 
DouT = High Z 


- 


2 


- 


2 


- 


2 


niA 




CMOS Interface RAS, 
CAS > Vcc - 0-2V 
DouT = High Z 


- 


300 


- 


300 


- 


300 


fiA 




RAS-Only Refresh 
Current 


ICC3 


tRc ~ "^i"^- 


- 


66 


- 


55 


- 


47 


mA 


2 


Battery Back-Up 
Current 


ICC4 


tRc = 125^s, CAS 
Before RAS Cycling 


- 


300 


- 


300 


- 


300 


fiA 


4 


Standby Current 


ICC5 


RAS = ViH, 
CAS = ViL, 
DouT - Enable 


- 


5 


- 


5 


- 


5 


mA 


1 


CAS-Before-RAS 
Refresh Current 


ICC6 


tRc = Min. 


- 


66 


- 


55 


- 


47 


mA 


1 


Fast Page Mode Current 


ICC7 


tpc = Min. 


— 


55 


— 


55 


— 


47 


mA 


1,3 


Input Leakage Current 


Ili 


OV < ViN < 7V 


-10 


10 


-10 


10 


-10 


10 


fxA 




Output Leakage Current 


Ilo 


OV < VouT ^ 7V 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


HA 




Output High Voltage 


VOH 


High louT = -5niA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low Iqut = 4.2 mA 





0.4 





0.4 





0.4 


V 






NOTES: 1. Ice depends on output load condition when the device is selected, Ice max. is specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vil. 

3. Address can be changed once or less while CAS = Vih- 

4. tRAS = tRAs min. to 1 jEAS 

Input voltage: I/O pin > Vcc - 0.2V or < 0.2V or open; Others > Vcc - 0.2V or Itet 0.2V 
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I CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Cii 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-Out) 


Ci/0 


— 


10 


pF 


1,2 



NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method, 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS (T^ = 0°C to 70°C, Vcc = 5V ± 10%, Vss = OV)(i)' (^4) 
• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514256AL-8 


HM514256AL-10 


HM514256AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-Up Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Set-Up Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




• Read, Write, Read-Modify- Write and Refresh Cycles (Common Parameters) 


Parameter 


Symbol 


HM514256AL-8 


HM514256AL-10 


HM514256AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


OE to Din Delay Time 


tODD 


20 


— 


25 


— 


30 


— 


ns 




OE Delay Time From Din 


tDZO 





— 





— 





— 


ns 




CAS Delay Time From Din 


tozc 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


64 


— 


64 


— 


64 


ms 
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Read Cycle 



Parameter 


Symbol 


HM514256AL-8 


HM514256AL-10 


HM514256AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time From CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time From Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Access Time From Ol 


tOAC 


— 


25 


— 


25 


— 


30 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Tbrn-Off Time 


toFFl 


— 


20 


— 


25 


— 


30 


ns 


6 


Output Buffer Tlirn-Off to OE 


k)FF2 


— 


20 


— 


25 


— 


30 


ns 


6 


CAS to Din Delay Time 


tCDD 


20 


— 


25 


— 


30 


— 


ns 




• Write Cycle 


Parameter 


Symbol 


HM514256AL-8 


HM514256AL-10 


HM514256AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


20 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


^RWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


bs 





_ 





— 





— 


ns 


11 


Data-in Hold Time 


^DH 


20 


— 


20 


— 


25 


ns 


11 




• Read-Modify-Wrlte Cycle 


Parameter 


Symbol 


HM5142 


56AL-8 


HM514256AL-10 


HM514256AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read-Write Cycle Time 


tRWC 


220 


— 


255 


— 


295 


— 


ns 




RAS to WE Delay Time 


tRWD 


110 


— 


135 


— 


160 


— 


ns 


10 


CAS to WE Delay Time 


k:wD 


55 


— 


60 


— 


70 


— 


ns 


10 


Column Address to WE Delay Time 


UWD 


70 


— 


80 


— 


95 


— 


ns 


10 


OE Hold Time From WE 


k)EH 


25 


— 


25 


— 


30 


- 


ns 
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HM514256ALP/AUP/ALZP-8/10/12 
• Refresh Cycle 



Parameter 


Symbol 


HM514256AL-8 


HM514256AL-10 


HM514256AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time 
(CAS-Before-RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS-Before-RAS Refresh Cycle) 


tcHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




• Fast Page Mode Cycle 


Parameter 


Symbol 


HM514256AL-8 


HM514256AL-10 


HM514256AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


13 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 




Fast Page Mode Read-Write Cycle Time 


tpCM 


110 


— 


115 


— 


135 


- 


ns 





NOTES: 



1. AC measurements assume tx = 5ns. 

2. Assumes that Ircd ^ Ircd (max.) and Irad ^ Irad (max.). If Ircd or Irad is greater than the maximum 
recommended value shown in this table, Irac exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 
Assumes that Ircd ^ Ircd (max.) and tRAD ^ tRAD (max.). 
Assumes that Ircd ^ tRCD (max.) and tRAD ^ tRAD (max.). 

toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vm and Vil. 

8. Operation with the tRCD (max.) limit insures that Irac (max.) can be met, tRCD (max.) is specified as a reference 
point only, if tRCD is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the Irad (max.) limit insures that tRAC (max.) can be met, tRAD (max.) is specified as a reference 
point only, if Irad is greater than the specified tRAD (max.) limit, then access time is controlled exclusively by tAA- 

10. twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs ^ twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD ^ Irwd (min.), tcwD ^ tcwD (min.) and tAWD 5: 
tAWD (min.), the cycle is a read- write and the data output will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

1 1 . These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in a delayed write 
or a read-modify- write cycles. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 fis is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, a 
minimum of eight CAS-before-RAS refresh cycles are required. 
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HM514256ALP/ALJP/ALZP-8/10/12 



I TIMING WAVEFORMS 
Read Cycle 



RAS 



CAS 



n: 



tASR 



Address 



WE 



Dout 



Din 



^: 



tRC 



tRAS 



tpCD 



^ tRSH" 



tRAD 



N. 



tRAH *ASC 



Row 



:*^: 



^ tcAS 



tcSH 



tRAL 



/' 



Column 



y////////////A 



^RCS^ 



Hi-Z 



tRAC 



//////////;> 



tpzc 



^4_wJ\ 



tCRP 



\ X//////////M 



tCAH 



tCAC 



tAA 



tOAC 



Hi~Z 



tpzo 



5F y///////////////////^i //////////////// 



<. 



tRCH 



^^JRRH^ 



Output 



tOFFl 



'^^^ 



tOFF2 




tCDD 



tODD 



<//////////. 



^^ 



Don't care 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 673 



HM514256ALP/ALJP/ALZP-8/10/12 
• Early Write Cycle 



RAS 



CAS 



n; 



USR 



Address 



WE 



tRC 



tRAS 



tcSH 



}4*-^R^\ 



tRCD 



N. 



tRAH 



tASC 

— ^ 



tRSH 



^ tcAS 



'/ 



tCRP 



7/?^ '-^^ry ^77^:^^ y////////M 



V///////////K . 



^twcs^ 



tCAH 



twCH 



^DS| [ ^ tpH 



. ///////////////. 



* y/////////////M ^-"^ i m^ /////////. 



Dout 



Hl-Z 



* OE : Don't care 

* Y////\ ' ^^^^ ^^^^ 
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HM514256ALP/ALJP/ALZP-8/10/12 



Delayed Write Cycle 



RAS 



CAS 






tASR 



tRC 



tRAS 



tCSH 



tRCD 



tASC 



N. 



tRAH 



tRSH 



tCAS 



tCAH 



«d»ss '>^ r^^% (?:^r^^^~ ^/y////////////////// 



tcWL 
tRW. 



/ 



,/pB^\ 



tCRP 



X 



WE y////////////////^^7^r-y//////////////. 



Din 



Din 



y///////A 



^DZO 



tozc 



«< >- 



tDS 



tODD 



twp 



tDH 



<bC^s^^3^^^^^ 




^OEH ^ 



OE V/////////6^//// 



V//////////////Z 



Y///\ • '^^"'^ care 
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HM514256ALP/ALJP/ALZP-8/10/12 
• Read-Modify-Write Cycle 



RAS 



CAS 



N^ 



tASR 



Address 



^x. 



tRWC 



^ tRCD 



tRAD 



>. 



tRAH 



Row 



tASC 



;>o^: 



tRCS 



y 



WE y//////////// 



r. . Hi-Z 

Dout 



< ^^A.^* > 



^ tcWD 



I. tcRP. 



j^ tcRP 



^^y^^^/^^ 



tAWD 



tcWL ^ 



tRWL 



\ -r-v//////////A 



OE 




y////////////k . X 



* \////a : Don't 
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HM514256ALP/ALJP/ALZP-8/10/12 



• RAS-Only Refresh Cycle 



RAS 



n: 



tCRP 



CAS ^^ 

tASR 



tRC 



tRAS 



K ^\ 



^ tpp 



Arpc 



■ ^////////y 



tRAH 



««,ess 7/>>>.':^.- ^777Z^//////////////////////////A 



Hi-Z 



Dout 



1 OE.WE : Don't care 

2 Y//y/x ' ^°"^ ^^^® 



• CAS-Before-RAS Refresh Cycle 




RAS 



CAS 




Address, Din, WE : Don't care 
Dout: High-Z 
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HM514256ALP/ALJP/ALZP-8/10/12 
• Fast Page Mode Read Cycle 



RAS 



>. 



tT. 



CAS 



tASR 



tRASC 



tcSH 



tRCD 



tRAH 



7 

WE 



tpAD , 



tASC. 



tCAS 

-< ^ 



tCAH 



tpc 



tcp^ 



tpAL 



tASC 



Address Z^ . Row ^ ^^) \ Oo>- X ^T^ . ^^^ 

_yn I I tRCS r I 



tRCS 



V////////A 



■ ^ tpzc. 



- 7ZZZZZ> 



Dout 



OE 



tRCH. 



^ 



tCDD^ 



tODD^ 



tCAC 



lAA ^ 



tRAC 



Hi-Z 



tOAC 



^'i 



tCAS 

■< >- 



tCAH 



Dout 



tDZO . . ^DZO 

^OAC^ ^ 



> 



tRHCP 



/.^\- 



tcp 



tASC 



3^ 



IRCH, 



tDZC 



tCDD^ 



tAA, 



tCAC 



tACP ^ 



tOFF1 



tOFFl 



tRCS 



>^ 



Hi-Z 



^ Dout 1 



Y_Hi:^ 



tRSH 



tCAS 

< >' 



tCAH 



tCRP 



^ ^///////A 



tDZC 



tCAC 

-< — ^ 



^l-iAA^ 



tACP 



tozo 

■^ ► 



^toDD 
iOFF2 



mzzhu^ 



tRCH 



►I tRRH 
H tcDD 



tODD 



< 



Dout 



tOAC 



tOFFl 



> 



tOFF2 



* Y///yx • ^^^^ ^^''® 
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HM514256ALP/ALJP/ALZP-8/10/12 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



^; 



tASR 



Dout 



tRASC 



tcSH 



"^ tRCD 



tRAH tASC 



Address ^ Row ! >^^, Col 



tCAS 



tpc 



tCP 



tCAH 



tCAH tASC 



JwcslJ 



Si y///////A . 



tCAS 



tps 



tWCH twCS 



.^^ 



tOH 



D'" y//////^'^^'"^ lnput^ ^<^^ ^ Valid inpuQ g^^ ^Valid \^j^////7/ 



^tps^l ILdh 



tASC 

-^ — ^ 



^tRSH^I ^ tRP^ 

t CRP ^ 

tCAS 

tCAH 



w^x^mKi^j!^^ 



twcs 



twCH 



.^. 



tos 
h< — H h*^ 



twCH 



tpH 



Hi-Z 



OE : Don't care 




: Don't care 
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HM514256ALP/ALJP/ALZP-8/10/12 
• Fast Page Delayed Write Cycle 



DAC V 



RAS 



CAS 



Address 



tT^ 



tASR 



tRASC 



tcSH 



^ ^BCD ^ 



tRAH 



tASC. 



^^tCAS^ 



tCAH 



tos. 



Din 



Dout 



<S>C:s>^Z^x2CS3<^^ 



tODD 



OE ^^ 



tcWL 



tCP^ 



tASC, 



tpc 



JCAS^ 



tCAH 

< — ► 



^ Row X^ Column } ^ Column ) ^ Column ) ( ((//////// 



WH '/////////A . ^0 ^, .^^^?^. 



twp 
< — > 



tOH 






.^JcwL^ 



tASC 

— >- 



*-Ml 



,JCAS^ 






tCAH 

-< — >• 



^^JCRP, 



tWP , 



tDH, 



tos^ 



tcWL 



tRWL 



twp 



tyyp 



tOEH 



Hi-Z 



v//////// 



Y 



^///yy : Don't care 
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HM514256ALP/ALJP/ALZP-8/10/12 



• Fast Page Mode Read-Modify-Write Cycle 



tRP 



RAS 



CAS 



tAS? 



Address 



tRASC 



/A 



tRAD 



tRAH 



WE 



Din 



Dout 



OE 



tASC 



tRCS 



mz^ 



tDZC 



W^> 



tCAH 



tpCM 



)i'^\. 



tACP 



tASCH 



^ tAWD I M UWD 

"Ua"; *cwl t^;;;;^ tcwi 

tcwD ^Rcs »..,„ 



tRAC 



tCAC 



tOAC 



Hl-Z 



tozo 



V77?7777A . / 



tRWD 



tos 



<X 



< Valid 'k 



tOFF2 



■" twp 



tOH tDZC 



Valid 
Input 



tOEH 

-< >■ 



tCP 



tCAC 



tozo 

toAC 

■< > 



tODD 



Hl-Z j ^ 



^CAH 



tOFF2 



Valid 

put put; 



^. / 



> 



tos 



twp 



\^/ZZZ2Z^ 



tDH 




M)"^^ 



tOEH 



Hl-Z 



tozo 



tODD 



^ 



Don't care 
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HM514256H Series- 

262144-Word x 4-Blt CMOS Dynamic RAM 



The Hitachi HM514256H is a CMOS dynamic RAM organized 
262144-word x 4-bit. HM514256H has realized higher density, 
higher performance and various functions by employing 1.3 ^irn 
CMOS technology and some new CMOS circuit design technologies. 
The HM514256H offers Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM51 4256Hto be packaged 
in standard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic 
ZIP. 



Features 

• Single 5 V (±10%) 

• High speed: Access Time 60 ns/70 ns (max) 

• Low power: Standby 1 1 mW (max) 

Active 495 mW/440 mW (max) 

• Fast page mode capability 

• 512 refresh cycles: (8 ms) 

• 2 variations of refresh: RAS-only refresh 

CAS-before-RAS refresh 



Pin Arrangement 



• HM514256HP 


• HM514256HJP 


• HM514256HZP 


Series 




Series 

Hitachi Pin No. 


Series 


J 


EDEC Pin N< 


5. 


'/Old 

1/02 [^ 


1 

2 


20 
19 


3 v.. 

^1/04 


I/Ol 1[ 
1/02 2( 


J-^rJ^ 


]20 Vss 
]19 1/04 




1 ^^^ 26 

2 25 




pjl OE 


we| 


3 


18 


^1/03 


WE 31 


3 24 


118 1/03 


CAS 2 = 


Us 1/03 


RAs[;;; 






;;]cAs 


RAS 4! 


4 23 


]17 CAS 


1/04 4 = 


= 5 Vss 


4 


IV 


NC 51 


5 22 


)16 0E 


I/Ol 6 J 


= 7 1/02 


NCC 


5 


16 


:]oE 








WE 8 = 
NC10-= 


= 9RAS 


AOF 


6 


15 


Has 








A112 = 


= 11A0 


A.C 


7 


14 


:]a7 


AO 6( 
Al 7( 


9 18 

10 17 


]15 A8 
]14 A7 


A3 14^ 
A4 16 4 


al3A2 

=. 15Vcf 


.2^ 


8 


13 


Jab 


A2 8l 
A3 9C 


11 16 

12 15 


]13 A6 
]12 A5 


A618 = 


= 17A5 
= 19A7 


A3L 


9 
10 


12 
11 


JA5 
3 A. 


Vcc IOC 


13 14 


]11 A4 


A8 20y 


U 










(Top View) 


(Top View) 


(Bottom View) 



HM514256HP Series 




(DP-20NA) 



HM514256HJP Series 




(CP-20D) 



HM514256HZP Series 




(ZP-20) 



Pin Description 



Pin Name 


Function 


A0-A8 


Address input 


A0-A8 


Refresh address input 


I/01-I/04 


Data input/Data output 


RAS 


Row address strobe 


CAS 


Column address strobe 


WE 


Write enable 


OE 


Output enable 


Vcc 


Power supply (+5 V) 


Vss 


Ground 
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HM514256H Series 



Ordering Information 






Type No. 


Access Time 


Package 


HM514256HP-6 
HM514256HP-7 


60 ns 
70 ns 


300-mil 20-pin plastic DIP (DP-20NA) 


HM514256HJP-6 
HM514256HJP-7 


60 ns 
70 ns 


300-mil 20-pin plastic SOJ (CP-20D) 


HM514256HZP-6 
HM514256HZP-7 


60 ns 
70 ns 


400-mil 20-pin plastic ZIP (ZP-20) 



Biocic Diagram 



RAS 

Control 

Circuit 



CAS 

Control 

Circuit 



WE 

Control 
Circuit 



OF. 



OE 

Control 

Circuit 

1 



JP^^=t1 h 





1/03 


1/04 




I/O Buffer 









Memory 

CcU 

Amy 



n4E. 



128k 
Memory 
CeU 
Amy 



128k 
Memory 
CeU 
Array 



128k 
Memory 
CeU 
Amy 



128k 
Memory 
Cell 
Amy 



128k 
Memory 
Cell 
Amy 



128k 
Memory 
Cell 
Amy 



128k 
Memory 
Cell 
Array 



Row Address Buffer 



"T^ 



Column Address Buffer 



zr 
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HM514256H Series 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply voltage relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short circuit output current 


lout 


50 


mA 


Power dissipation 


Pt 


1.0 


W 


Operating temperature 


Topr 


to +70 


°C 


Storage temperature 


Tstg 


-55 to +125 


*»C 



Recommended DC Operating Conditions (Ta = to +70X ) 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply voltage 




Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


M 


Input high voltage 




Vm 


2.4 


— 


6.5 


V 


•1 


Input low voltage 


I/O pin 


ViL 


-1.0 


— 


0.8 


V 


*i 


Others 


ViL 


-2.0 


— 


0.8 


V 


*i 



Note: *1. All voltage referenced to Vss. 



DC Characteristics (Ta = to +70X, Vcc = 5V ± 10%, Vss = OV ) 



Item 


Symbol 


HM514256H-6 
Min Max 


HM514256H-7 
Min Max 


Unit 


Test Conditions 


Note 


Operating current 


Icci 


— 90 


— 80 


mA 


RAS, CAS cycling 
tRC = Min 


•1,*2 



Standby current 



Icc2 



1 — 



mA 



RAS, CAS = Vm 
Dout=High-Z 



TTL 

interface 



RAS, CAS > CMOS 

Vcc-0.2V interface 

Dout =High-Z 



RAS -only refresh current 


ICC3 


— 


90 


— 


80 


mA 


tRC = Min 


•2 


Standby current 


ICC5 


-- 


5 


— 


5 


mA 


RAS = ViH 
CAS = ViL 
Dout = enable 


• 1 


CAS-before-RAS 
refresh current 


ICC6 


— 


90 


— 


80 


mA 


tRC = Min 




Fast page mode current 


ICC7 


— 


90 


— 


80 


mA 


tPC = Min 


•l.»3 


Input leakage current 


Ili 


-10 


10 


-10 


10 


^A 


0V<Vin<7V 




Output leakage current 


Ilo 


-10 


10 


-10 


10 


^iA 


0V<Vout<7V 
Dout = disable 




Output high voltage 


VOH 


2.4 


Vcc 


2.4 


Vcc 


V 


High lout = -5 mA 




Output low voltage 


Vol 





0.4 





0.4 


V 


Low lout = 4.2 mA 





Notes: *1. Ice depends on output loading condition when the device is selected. 

Ice max is specified at the output open condition. 

*2. Address can be changed less than three ti mes wh ile RAS = ViL. 
*3. Address can be changed once or less while CAS = Vm. 
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HM514256H Series 



Capacitance (Ta = 25X, Vcc = 5 V ± 10%) 



Item 




Symbol 


Typ 


Max 


Unit 


Note 




Address 


Cii 


— 


5 


pF 


• 1 




Clock 


Cl2 


— 


7 


PF 


♦1 


Input/Output capacitance 


Data input/Data output 


Cvo 


— 


10 


pF 


•l.*2 



Notes: *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2 CTfS = Wm to disable Dout. 



AC Characteristics (Ta = to +70°C, Vcc = 5 V ± 10%, Vss = V)*^* 
Test Conditions 

Input rise and fall times: 5 ns Output load: 

Input timing reference levels: 0.8 V, 2.4 V 



2TTLGate + CL(100pF) 
(Including scope and jig) 



Read, Write, Read-Modify-Wrlte and Refresh Cycles (Common Parameters) 



Item 


Symbol 


HM514256H-6 
Min Max 


HM514256H-7 
Min Max 


Unit 


Note 


Random read or write cycle time 


tRC 


125 


— 


140 


— 


ns 




RAS precharge time 


tRP 


55 


— 


60 


— 


ns 




RAS pulse width 


iRAS 


60 


10000 


70 


10000 


ns 




CAS pulse width 


tCAS 


20 


10000 


20 


10000 


ns 




Row address setup time 


tASR 





— 





— 


ns 




Row address hold time 


tRAH 


10 


— 


10 


— 


ns 




Column address setup time 


tASC 





— 





— 


ns 




Column address hold time 


tCAH 


15 


— 


15 


— 


ns 




RAS to CAS delay time 


tRCD 


20 


40 


20 


50 


ns 


*8 


RAS to column address delay time 


tRAD 


15 


30 


15 


35 


ns 


♦9 


RAS hold time 


tRSH 


20 


— 


20 


— 


ns 




CAS hold time 


tCSH 


60 


— 


70 


— 


ns 




CAS to RAS precharge time 


tCRP 


10 


— 


10 


— 


ns 




OE to Din delay time 


tODD 


20 


— 


20 


— 


ns 




OE delay time from Din 


IDZO 





— 





— 


ns 




CAS delay time from Din 


tDZC 





— 





— 


ns 




Transition time (rise and fall) 


tr 


3 


50 


3 


50 


ns 


•l.*7 


Refresh period 


IREF 


— 


8 


— 


8 


ms 
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HM514256H Series 



Read Cycle 



Item 


Symbol 


HM514256H-6 
Min Max 


HM514256H-7 
Min Max 


Unit 


Note 


Access time from RAS 


tRAC 





60 





70 


ns 


•2.*3 


Access time from CAS 


tCAC 





20 





20 


ns 


•3.M 


Access time from address 


Ua 





30 





35 


ns 


*3.*5 


Access time from OE 


tOAC 





20 





20 


ns 




Read command setup time 


tRCS 














ns 




Read command hold time to CAS 


tRCH 














ns 




Read command hold time to RAS 


tRRH 


10 


— 


10 


— 


ns 




Column address to RAS lead time 


tRAL 


30 





35 





ns 




Output buffer turn-off time 


tOFFl 


— 


20 


— 


20 


ns 


•6 


Output buffer tum-off to OE 


t0FF2 


— 


20 


— 


20 


ns 


*6 


CAS to Din delay time 


tCDD 


20 


— 


20 


— 


ns 





Write Cycre 



Item 




Symbol 


HM514256H-6 
Min Max 


HM514256H-7 
Min Max 


Unit 


Note 


Write command setup time 




twcs 





— 





— 


ns 


•10 


Write command hold time 




tWCH 


15 


— 


15 


— 


ns 




Write command pulse width 




tWP 


10 


— 


10 


— 


ns 




Write command to RAS lead time 


tRWL 


20 


— 


20 


— 


ns 




Write command to CAS lead 


time 


tCWL 


20 


— 


20 


— 


ns 




Data-in setup time 




tDS 














ns 


•11 


Data-in hold time 




tDH 


15 


— 


15 


— 


ns 


•11 



Read-Modify-Write Cycle 



Item 


Symbol 


HM514256H-6 
Min Max 


HM514256H-7 
Min Max 


Unit 


Note 


Read- write cycle time 


tRWC 


175 


— 


190 





ns 




RAS to WE delay time 


tRWD 


85 


— 


95 


— 


ns 


•10 


CAS to WE delay time 


tCWD 


45 


— 


45 


— 


ns 


•10 


Column address to WE delay time 


tAWD 


55 


— 


60 


— 


ns 


•10 


OE hold time from WE 


tOEH 


20 


— 


20 


— 


ns 





Refresh Cycle 



Item 


Symbol 


HM514256H-6 
Min Max 


HM514256H-7 
Min Max 


Unit 


Note 


CAS setup time 
(CAS-before-RAS refresh cycle) 


tCSR 


10 — 


10 — 


ns 




CAS hold time 
(CAS-before-RAS refresh cycle) 


tCHR 


15 — 


15 — 


ns 




RAS precharge to CAS hold time 


tRPC 


10 — 


10 — 


ns 
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HM514256H Series 



Fast Page Mode Cycle 



Item 


Symbol 


HM514256H-6 
Min Max 


HM514256H-7 
Min Max 


Unit 


Note 


Fast page mode cycle time 


tPC 


45 


— 


50 


— 


ns 




Fast page mode CAS precharge time 


tCP 


10 


— 


10 


— 


ns 




Fast page mode RAS pulse width 


tRASC 


— 


100000 


— 


100000 


ns 


*12 


Access time from CAS precharge 


tACP 


— 


40 


— 


45 


ns 


•13 


RAS hold time from CAS precharge 


tRHCP 


40 


— 


45 


— 


ns 




Fast page mode read- write cycle time 


tPCM 


90 


— 


100 


— 


ns 





Notes: *1. 

*2. 

*3. 
*4. 
♦5. 
*6. 

*7. 
♦8. 

*9. 

*10. 



*11. 

*12. 
*13. 
♦14. 



AC measurements assume tT = 5ns. 

Assumes that tRCD < tRCD (max) and tRAD < tR AD (max) . If tRCD or tRAD is greater than the maximum recommended value shown 
in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
Assumes that tRCD > tRCD (max) and tRAD < tRAD (max). 
Assumes that tRCD < IRCD (max) and tRAD > tRAD (max). 

tOFF(max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

Transition times are measured between Vih and Vbl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, if 
tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, if 
tRAD is greater than the specified tRAD (max) Umit, then access time is controlled exclusively by tAA. 
twcs, tRWD, tcWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs > twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tRWD > tRWD (min), tcwD>tcwD (min) and tAWD > tAWD (min), the cycle is a read- 
write and the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, 

the condition of the data out (at ac cess ti me) is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify- wirte cycles, 

tRASC is determined by RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tCAC or tACP. 

An initial pause of 100 ^s is required after power-up followed by eight or more initialization cycles (any combination of cycles 

containing RAS clock such as R AS-only refresh). If the internal refresh counter is used, eight ormore CAS-before-RAS refresh 

cycles are required. 
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HM514256H Series 



Timing Waveforms 
Read Cycle 
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HM514256H Series 



Early Write Cycle 
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HM514256H Series 



Read-Modify-Write Cycle 
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HM514256H Series 



CAS-before-RAS Refresh Cycle 
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HM514256H Series 



Fast Page Mode Early Write Cycle 
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HM514256H Series 



Fast Page Mode Read-Mod ify-Write Cycle 
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HM514256H Series 



Supply Current (Active) vs. Supply Voltage 
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HM514256H Series 



RAS Access Time vs. Supply Voltage 
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HM514258S Series 
HM514258A Series 



262144-Worcl x 4-Bit CMOS Dynamic RAIVi 

The Hitachi HM514258S/A is a CMOS dynamic RAM organized 
262144-word x 4-bit. HM514258S/A has realized higher density, 
higher performance and various functions by employing 1.3 p.m 
CMOS technology and some new CMOS circuit design technologies. 
The HM514258S/A offers Static Column Mode as a high speed 
access mode. 

Multiplexed address input permits the HM514258S/A to be 
packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 20- 
pin plastic ZIP. 



Features 

• Single 5 V (±10%) 

• High speed: Access Time 80 ns/100 ns/120 ns (max) 

• Low power: Standby 1 1 mW (max) 

Active 413 mW/358 mW/303 mW (max) 

• Static column mode capability 

• 512 refresh cycles: (8 ms) 

• 2 variations of refresh: RAS-only refresh 

CS-before-RAS refresh 



Pin Arrangement 



• HM514258SP 
Series 

• HM514258AP 
Series 



• HM514258SJP 
Series 

• HM5 14258 AJP 
Series 



. HM514258SZP 

Series 
• HM514258AZP 

Series 




(Top View) 



(Top View) 



(Bottom View) 



HM514258SP Series 
HM514258AP Series 




(DP-20NA) 



HM514258SJP Series 
HM514258AJP Series 




(CP-20D) 



HM514258SZP Series 
HM514258AZP Series 




(ZP-20) 



Pin Description 



Pin Name 


Function 


A0-A8 


Address input 


A0-A8 


Refresh address input 


I/01-I/04 


Data input/Data output 


RAS 


Row address strobe 


CS 


Chip select 


WE 


Write enable 


OE 


Output enable 


Vcc 


Power supply (+5 V) 


Vss 


Ground 
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HM514258S Series, HM514258A Series 



Ordering Information 



Type No. 


Access Time 


Package 


Type No. 


Access Time 


Package 


HM514258P-8S 


80 ns 


300-mil 20-pin 


HM514258AP-8 


80 ns 


300-mil 20-pin 


HM514258P-10S 


100 ns 


plastic DIP 


HM514258AP-10 


100 ns 


plastic DIP 


HM514258P-12S 


120 ns 


(DP-20NA) 


HM514258AP-12 


120 ns 


(DP-20NA) 


HM514258JP-8S 


80 ns 


300-mil 20-pin 


HM514258AJP-8 


80 ns 


300-mil 20-pin 


HM514258JP-10S 


100 ns 


plastic SOJ 


HM514258AJP-10 


100 ns 


plastic SOJ 


HM514258JP-12S 


120 ns 


(CP-20D) 


HM514258AJP-12 


120 ns 


(CP-20D) 


HM514258ZP-8S 


80 ns 


400-mil 20-pin 


HM5 14258 AZP-8 


80 ns 


400-mil 20-pin 


HM514258ZP-10S 


100 ns 


plastic ZIP 


HM514258AZP-10 


100 ns 


plastic ZIP 


HM514258ZP-12S 


120 ns 


(ZP-20) 


HM514258AZP-12 


120 ns 


(ZP-20) 



Block Diagram 

HM514258S Series 



RAS 

_jL_ 



RAS 




CS 




WE 




OE 


Control 




Control 




Control 




Control 


Circuit 




Circuit 




Circuit 




Circuit 



iF^-=?l J^ 



128k 
Memor\ 
Cell 
Array 



I N W'w'Dnw 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



I28k 
Memory 
Cell 
Array 



Row Decoder RonDKodw 



128k 
Memory 
Cell 
Array 



Honl Dnvn ^> 



Row Address Buffer 



IE 



Column Address Buffer 



IT 
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HM514258S Series, HM514258A Series 

HM5 14258 A Series 



RAS 



RAS Control 
Circuit 



CS 

± 



C5 Control 
Circuit 



T 



WE 



WE Control 
Circuit 



T 



± 



OE Control 
Circuit 



1/01 1/02 1/03 1/04 



I/O Buffer | | I/O Buffer] 



r;^- 



M 



256k 
Memory 
Cell 
Array 



Row Decoder 



TV 



256k 
Memory 
Cell 
Array 



Word Driver 



lUi 



256k 
Memory 
Cell 
Array 



Word Driver 



7S 



Row Address Buffer 



I 



256k 
Memory 
Cell 
Array 



Column Address Buffer 



AO— A8 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply voltage relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short circuit output current 


lout 


50 


mA 


Power dissipation 


Pr 


1.0 


W 


Operating temperature 


Topr 


to +70 


^C 


Storage temperature 


Tstg 


-55 to +125 


^C 
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HM514258S Series, HM514258A Series 



Recommended DC Operating Conditions (Ta = 


:0tO+70X) 








Item 




Symbol Min 


Typ 


Max 


Unit 


Note 


Supply voltage 




Vss 








V 




Vcc 4.5 


5.0 


5.5 


V 


•1 


Input high voltage 




Vw 2.4 


— 


6.5 


V 


•1 


Input low voltage 


I/O pin 


ViL -1.0 


— 


0.8 


V 


•1 


Others 


ViL -2.0 


— 


0.8 


V 


•1 



Note: *1. All voltage referenced to Vss. 



DC Characteristics (Ta = to +70''C, Vcc = 5V ± 10%, Vss = OV ) 




Item 


HM514258-8S HM514258-10S HM514258-12S 
Symbol HM514258A-8 HM514258A-10 HM514258A-12 Unit Test Conditions 
Min Max Min Max Min Max 


Note 


Operating 
current 


Icci — 75 — 65 _ 55 mA RAS. CS cycling 

tRC = Min 


•l.*2 



Standby current Icc2 



— 1 



— 1 



RAS, CS 

= ViH TTL 

mA Dout = High-Z interface 
RAS, CS > 

VCC-0.2V CMOS 

Dout = High-Z interface 



RAS-only 
refresh current 


ICC3 


— 


75 


— 


65 


— 


55 


mA 


tRC = Min 


•2 


Standby current 


ICC5 


— 


5 


— 


5 


— 


5 


mA 


RAS = Vw 
CS = ViL 
Dout = enable 


•• 


CS-before-RAS 
refresh current 


ICC6 


— 


65 


— 


55 


— 


45 


mA 


tRC = Min 




Static column 
mode current 


ICC9 


— 


65 


— 


55 


— 


45 


mA 


tsc = Min 


*1.*3 


Input leakage 
current 


Ili 


-10 


10 


-10 


10 


-10 


10 


ra 


0V<Vin<7V 




Output leakage 
current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


^lA 


0V<Vout<7V 
Dout = disable 




Output high 
voltage 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High lout = -5 mA 




Output low 
voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low lout = 4.2 mA 





Notes: *1. Ice depends on output load conditio! when the device is selected. 

Ice max is specified at the output open ccmdition. 

*2. Address can be changed less than three times while RAS = Vttv. 
*3. Address can be changed once or less while CS = Veh. 
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HM514258S Series, HM514258A Series 



Capacitance (Ta = 25X, Vcc = 5 V ± 10%) 












Item 


Symbol 


Typ 


Max 


Unit 


Note 


Address 


Cii 


— 


5 


pF 


*i 


Iripul capacitance p, , 


Cl2 


— 


7 


pF 


*i 


Input/Output capacitance Data input/Data output 


Cvo 


— 


10 


pF 


*1.*2 



Notes: *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CS = ViH to disable Dout. 



AC Characteristics (Ta 
Test Conditions 

• Input rise and fall times: 

• Input timing reference levels: 



to +70X, Vcc = 5 V ± 10%, Vss = V)*^^'*^« 

5 ns • Output load: 

0.8 V, 2.4 V 



2TTLGate + CL(100pF) 
(Including scope and jig) 



Read, Write, Read-IVIodify-Write and Refresh Cycles (Common Parameters) 



Item 


Symbol 


HM514258-8S 

HM514258A-8 

Min Max 


HM514258-10S 
HM514258A-10 
Min Max 


HM514258-12S 
HM514258A-12 
Min Max 


Unit Note 


Random read or write cycle time 


tRC 


160 


— 


190 


— 


220 


— 


ns 


RAS precharge time 


tRP 


70 


— 


80 


— 


90 


— 


ns 


RAS pulse width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 


CS pulse width 


tSP 


25 


10000 


30 


10000 


30 


10000 


ns 


Row address setup time 


tASR 





— 





— 





— 


ns 


Row address hold time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 


Colurmi address setup time 


tASW 





— 





— 





— 


ns 


Column address hold time 


tAHW 


20 


— 


25 


— 


25 


— 


ns 


RAS to CS delay time 


tRCD 


22 


55 


25 


70 


25 


90 


ns •« 


RAS hold time 


tRSL 


25 


— 


30 


— 


30 





ns 


CS hold time 


tCSH 


80 


— 


100 


— 


120 


— 


ns 


CS to RAS precharge time 


tSRS 


10 


— 


10 


— 


10 


— 


ns 


OE to Din delay time 


tODD 


20 


— 


25 


— 


30 


— 


ns 


OE delay time from Din 


tDZO 




















ns 


CS delay time from Din 


tDZC 





— 





— 





— 


ns 


Transition time (rise and fall) 


tT 


3 


50 


3 


50 


3 


50 


ns *'•'' 


Refresh period 


tREF 


— 


8 


— 


8 


— 


8 


ms 
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HM514258S Series, HM514258A Series 



Read Cycle 



Item 


Symbol 


HM514258-8S 

HM514258A-8 

Min Max 


HM514258-10S 

HM5 14258 A-10 

Min Max 


HM514258-12S 

HM514258A-12 

Min Max 


Unit 


Note 


Access time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


*2.*3 


Access time from CS 


Ucs 


— 


25 


— 


30 


— 


30 


ns 


*3.*4 


Access time from address 


tAA 


— 


40 


— 


50 


— 


55 


ns 


•3.*5.*14 


Access time from OE 


tOAC 


— 


25 


— 


25 


— 


30 


ns 




Read command setup time 


tRCS 





— 





— 





— 


ns 




Read command hold time to CS 


tRCH 




















ns 




Read command hold time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




RAS to column address hold time 


tAHR 


15 





15 





15 





ns 


*16 


RAS to column address delay time 


tRAD 


17 


40 


20 


50 


20 


65 


ns 


*9 


Column address to RAS lead time 


tRAL 


40 


— 


50 


— 


55 


— 


ns 




Column address hold time from RAS 


tAR 


80 


— 


100 


— 


120 


— 


ns 




Ooutput buffer turn-off time 


tOFF 


— 


20 


— 


25 


— 


30 


ns 


•6 


Output buffer turn-off to OE 


tOFF2 


— 


20 


— 


25 


— 


30 


ns 


*6 


Output hold time from address 


UOH 


5 


— 


5 


— 


5 


— 


ns 




CS to Din delay time 


tCDD 


20 


— 


25 


— 


30 


— 


ns 




CS hold time from OE 


tOCH 


25 





25 





30 


— 


ns 




OE hold time from RAS 


tROH 


80 


— 


100 


— 


120 


— 


ns 




OE hold time from CS 


tCOH 


25 


— 


25 


— 


30 


— 


ns 




OE pulse width 


tOEP 


25 


— 


25 


— 


30 


— 


ns 





Write Cycle 




Item 


Symbol 


HM514258-8S 
HM5 14258 A-8 


HM514258-10S 
HM514258A-10 


HM514258-12S 
HM514258A-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 




Write command setup time 


twcs 





— 





— 





— 


ns 


*10 


Write command hold time 


tWCH 


20 


— 


25 


— 


25 


— 


ns 




Write command hold time to RAS 


tWCR 


75 


— 


95 


— 


115 


— 


ns 




Write command pulse width 


tWP 


15 


— 


15 


— 


20 


— 


ns 




Write command to RAS lead time 


tRWL 


25 


— • 


25 


— 


30 


— 


ns 




Write command to CS lead time 


tCWL 


25 


— 


25 


— 


30 


— 


ns 




Din setup time 


IDS 





— 





— 





— 


ns 


•11 


Din hold time 


tDH 


20 


— 


25 


— 


25 


— 


ns 


♦11 


Din hold time to RAS 


tDHR 


75 


— 


95 


— 


115 


— 


ns 




Column address hold time from RAS 


UWR 


75 


— 


95 


— 


115 


— 


ns 





Read-Modify-Write Cycle 



Item 


Symbol 


HM514258-8S 

HM5 14258 A-8 

Min Max 


HM514258-10S 

HM5 14258 A-10 

Min Max 


HM514258-12S 

HM514258A-12 

Min Max 


Unit 


Note 


Read-modify -write cycle time 


tRWC 


220 


— 


255 


— 


295 


— 


ns 




RAS to WE delay time 


tRWD 


110 


— 


135 


— 


160 


— 


ns 


•10 


CS to WE delay time 


tCWD 


55 


— 


65 


— 


70 


— 


ns 


•10 


Column address to WE delay time 


UWD 


70 


— 


85 


— 


95 


— 


ns 


•10 
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HM514258S Series, HM514258A Series 



Refresh Cycle 







HMS14258-8S 


HM514258-10S 


HM514258-12S 






Item 


Symbol 


HM514258A-8 


HM5 14258 A-10 


HM5 14258 A-12 


Unit 


Note 






Min 


Max 


Min 


Max 


Min Max 






CS setup time 


tCSR 


10 


— 


10 


— 


10 — 


ns 




(CS-before-RAS refresh cycle) 


















CS hold time 


tCHR 


20 


— 


20 


— 


25 — 


ns 




(CS-before-RAS refresh cycle) 


















RAS precharge to CS hold time 


tZRH 


10 


— 


10 


— 


10 — 


ns 





Static Column Mode Cycle 



Item 


Symbol 


HM514258-8S 

HM514258A-8 

Min Max 


HM514258-10S 

HM514258A-10 

Min Max 


HM514258-12S 

HM5 14258 A-12 

Min Max 


Unit Note 


Static column mode cycle time 


tsc 


45 — 


55 


— 


60 


— 


ns 


Static column mode RAS pulse width 


tRASC 


— 100000 


— 


100000 


- 


100000 


ns 


RAS to second WE delay time 


tRSWD 


90 — 


110 


— 


135 


— 


ns 


Static column mode CS precharge time 


tsi 


10 — 


10 


— 


15 


— 


ns 


Static column mode WE precharge time 


twi 


10 — 


10 


— 


15 


— 


ns 



Static Column Mode Read-modify- Write Cycle and Mixed Cycle 










Item 


Symbol 


HM514258-8S 
HM5 14258 A-8 
Min Max 


HM514258-10S 

HM514258A-10 

Min Max 


HM514258-12S 

HM514258A-12 

Min Max 


Unit Note 


Static column mode cycle time 
on read-modify -write 


tSRW 


120 


— 


140 


— 


160 


— 


ns -^2 


Access time from first WE 


tALW 


— 


85 


— 


100 


— 


115 


ns *3.*i3 


Last WE to column address delay time 


tLWAD 


25 


45 


25 


50 


30 


60 


ns *'' 


Last WE to column address hold time 


tAHLW 


85 


— 


100 


— 


115 


— 


ns 



Notes: *1. 
*2. 

♦3. 
♦4. 
*5. 
*6. 

*7. 
♦8. 

♦9 
♦10. 



*11. 
*12. 



AC measurements assume IT = 5ns. 

Assumes that tRCD < tRCD (max) and tRAD < tRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown 

in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

Assumes that tRCD > tRCD (max) and IRAD < tRAD (max). 

Assumes that tRCD < tRCD (max) and tRAD > tRAD (max). 

tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 

Transiticai limes are measured between ViH and Vbl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, if 

tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tACS. 

Operation with the tRAD (max) limit insures that tRAC (max) can be met, irad (max) is specified as a reference point only, if 

tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA. 

twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs > twcs (min), the cycle is an early write cycle and the data out pin wiU remain open circuit (high 

impedance) throughout the entire cycle; if tRWD > tRWD (min), tcwD>tcwD (min) and iawd > tAWD (min), the cycle is a read- 

modify-write and the data output will ccmtain data read from the selected cell; if neither of the above sets of conditions is 

satisfied, the condition of the data out (at access time) is indetemiinate. 

These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write or read- 

modify-wirte cycles. 

tSRW (min) = iawd (min) + tLWAD (max) + rr 
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HM514258S Series, HM514258A Series 

*13. Assumes that tLWAD 5 ILWad (max). If ilwad is greater than the maximum recomended value shown in this table, ialw 

exceeds the value shown. 
♦14. Assumes that tLWAD > ilwad (max). 
♦15. Operation with the tLWAD (max) limit insures that tALW (max) can be met, tLWAD (max) is specified as a reference point 

only, if tLWAD is greater than the specified ilwad (max) Umit, then access time is controlled exclusively by iaa. 
♦16. lAHR is defined as the time at which the column address hold. 
♦17. An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of 

cycles containing R AS clock such as RAS-only refresh). If internal refresh counter is used, eight or more CS-before-RAS 

refresh cycles are required. 

♦18. In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying data to the device. 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 703 



HM514258S Series, HM514258A Series 



Timing Waveforms 
Read Cycie 



RA5 



"i 



Address ///A Row 



f^\ 



mm 



- WMh 



^ wmmMk^mmm 



\miiii 



wHl 



C Valid ^C 
Output J l 



^ tpCH^ 



X//\ '. Don't care 



Eariy Write Cycle 



RAS 



CS 



\ 



'^z±r.^ V_ 



]^\ 



*^ 7Mm^ 



R 



- W/TTT^-^^^^^^/////////////, 



High-Z*' 



OE '. Don't care 
twcs^twcs (mm) 
: Don't care 
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HM514258S Series, HM514258A Series 



Delayed Write Cycle 



ws 



cs 



m 



3pZ 



tRCD ^ 



"^* 



tcWL 



Column 



- '/////////////m r ^////mm 



Din 



Tsm 



toDO 



■■ m////m 



Valid 
Input 



- 7////mm v////////// 



Y/A • Don't care 



Read-Modlfy-Write Cycle 



^S5 



cs 



^ tucD 



^r 



Row 



tsP 



tcWL 



Column 



Din 7 



^^F 



Dout 



OE 



Tm/im 



■tozo 

to AC 



'mMA"^ 



- mnm-^-^miimiM 



iSv 



]mmm 



-toDD 




v////////// 



Don't care 
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HM514258S Series, HM514258A Series 
RAS-Only Refresh Cycle 



w^ 



w 



't=±rf-^^ 



tR< 



tASR 




WSl 






Dout 



High-Z 



OE, W E : Don't care 

YyyA ' Don't care 

Refresh address: A0-A8 (AX0-AX8) 



CS-before-RAS Refresh Cycie 



ws 



cs 



Address 



Dout 



tcSR 



tcHR [n 



'tiysi^trfsv 



/ 



'////////////mm///mm//, 



High-Z 

WE, O E : Don't care 
X/A • Don't care 



Static Column Mode Read Cycle 



w^ 



cs 



\ 



Address 



WE 



.tucs 



wmm 



^ tRAC 



Columni 



OE 



■^. 



mmixi 



Column2 






X 



^:^\ 



^r 



Columns 




ymmR 



tAC8 



Valid , 
Output' 



m. 



w/m. 



wK^:} 



toF« 



X//X • Don't care. 
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HM514258S Series, HM514258A Series 



Static Column Mode Write Cycle (1) 



ms 



\ 



ROW 



*RAH UsW 



J 



Column 
1 



Column 



tASW 



^■/T\C 



Input 



iJ4i^^cifF^ 



'113, 



Column 



Input ' 



WMMM 



_twP_l/ 



Input ^ 



High-Z*' 



or 7 



mi 



WW/. 



twcs^twcs(nnin) 
X/A '• Don't care 



Static Column Mode Write Cycle (2) 



RAS 



CS 



We 



^dz: 



:^ 






=15^^. 



Input 



mi 



fZ^K 



Wmmmml 



mmijm^M^ 



X.d^:^.z==MlMlA 



OE 



W^ 



wm 



Don't care 
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HM514258S Series, HM514258A Series 



Static Column Mode Read-IVIodify-Write Cycle 



cs 



Address 



wr 



t 



ife\ 



UR5. 



t|«AH ^r 



Dout 



UE 7 




"• ^^ 



:®: 



Column2 






S^^ 



lOAC 



i2£2\^ 



/Valid \ 
\ Output/ 



Columns 



:j ^mM 




Caa Ids 



Ada^M 



Valid 



Output/ 



^^ 



\ 



hZ^] : Don't care. 
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HM514258S Series, HM514258A Series 



Supply Current (Active) vs. Supply Voltage 



Supply Current (Active) vs. Ambient Temperature 



o 
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Supply Current (Active) vs. Frequency 
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Supply Current (Standby) vs. Supply Voltage 
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HM514258S Series, HM514258A Series — 
RAS Access Time vs. Supply Voltage 
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RAS Access Time vs. Ambient Temperature 
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CS Access Time vs. Supply Voltage 
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Address Access Time vs. Supply Voltage 
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HM514266AP/AJP/AZP-6/7/8/10/12 

262,144-Word x 4-Bit Dynamic Random Access Memory 



■Preliminary 



■ DESCRIPTION 

The Hitachi HM514266A is a CIVIOS dynamic RAI\/I organized 
262,144-word x 4-bit. HM514266A has realized higher density, 
higher performance and various functions by employing 1.3/im 
CMOS process technology and some new CMOS circuit design tech- 
nologies. The HM514266A offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits HM514266A to be packaged in 
standard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 60/70/80/1 00/1 20ns (max.) 

• Low Power Dissipation 

Active Mode 495/440/363/303/259mW (max.) 

Standby Mode 11 mW (max.) 

• Fast Page Mode Capability 

• 512 Refresh Cycles (8 ms) 

• 2 V ariatio ns of Refresh 

RAS -Only Refresh 
CAS-Before-RAS Refresh 

• Write per bit capability 

■ ORDERING INFORMATION 



Part No. 


Access 


Package 


HM514266AP-6 


60ns 




HM514266AP-7 


70ns 


300 mil 20 pin 


HM514266AP-8 


80ns 


Plastic DIP 


HM514266AP-10 


100ns 


(DP-20NA) 


HM514266AP-12 


120ns 




HM514266AJP-6 


60ns 




HM514266AJP-7 


70ns 


300 mil 20 pin 


HM514266AJP-8 


80ns 


Plastic SOJ 


HM514266AJP-10 


100ns 


(CP-20D) 


HM514266AJP-12 


120ns 




HM514266AZP-6 


60ns 




HM514266AZP-7 


70ns 


400 mil 20 pin 


HM514266AZP-8 


80ns 


Plastic ZIP 


HM514266AZP-10 


100ns 


(ZP-20) 


HM514266AZP-12 


120ns 






(DP-20NA) 




(CP-20D) 




PIN DESCRIPTION 



Pin Name 


Function 


Ao-Ag 


Address Input 


Ao-Ag 


Refresh Address Input 


W,/IO,- 

W,/I04 


Write Select/ 
Data-In/Data-Out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WB/WE 


Write Per Bit/Write Enable 


OE 


Output Enable 


Vcc 


Power Supply (+5.0V) 


Vss 


Ground 
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HM514266AP/AJP/AZP-6/7/8/10/12 
■ PIN ARRANGEMENT 



• HM514266AP Series 


W1/I01 [ 


"in^->'20 


pvss 


W2/I02 C 


2 19 


] W4/I04 


WB/WE [ 


3 18 


] W3/I03 


RAS [ 


4 17 


]CAS 


NC C 


5 16 


]0E 


Ao C 


6 15 


]A8 


Ai C 


7 14 


]A7 


A2 C 


8 13 


]A6 


A3 C 


9 12 


]A5 


VccC 


10 11 


]A4 


(Top View) 



• HM514266AJP Series 


r- Hitachi Pjn No. -, 
JEDEC Pin No. 


1/01 1 [Tt^S'lefbzo Vss 


1/02 2C 


2 25 


]19 1/04 


WE 3C 


3 24 


]18 1/03 


RAS 4C 


4 23 


] 17 CAS 


NC 5[ 


5 22 


]16 OE 


Ao 6C 


9 18 


]15 A8 


Ai 7C 


10 17 


]14 A7 


A2 8C 


11 16 


]13 A6 


A3 9C 


12 15 


]12 A5 


VcclOC^ 


13 14 


]11 A4 


(Top View) 



• HM514266AZP Series 




C^ 


1 OE 


CAS 2 


^^ 


3 1/03 


1/04 4 


^=£ 


5 Vss 


1/01 6 


t II 






"~i 


7 1/02 


WE 8 


^^ 


9 RAS 


NC 10 


*=^ 


11 Ao 


A1 12 


'=^ 


13A2 


A3 14 


^p 


15Vcc 


A4 16 


^P 


17 As 


A6 18 


^=^ 


19A7 


A8 20 






(Bottom View) 



BLOCK DIAGRAM 



RAS 



CAS 



WE 
Y 
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OE 
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i£ 
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_] Til 



3^ 
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256k 

Memory 
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Array 



256k 
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256k 
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Word Driver 



Row Decoder 



Word Driver 



Word Driver 



Row Decoder 



Row Decoder 



Row Address Buffer 



Word Driver 



Row Decoder 



Column Address Buffer 



Ao-As ■ 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V^s 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


^opr 


Oto +70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°C 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


(I/O Pin) 


ViL 


-1.0 


— 


0.8 


V 


1 


(Others) 


ViL 


-2.0 


— 


0.8 


V 


1 



NOTE: 1. All voltage referenced to Vss- 

■ DC CHARACTERISTICS (Ta = to +70°C, Vcc = 5V ± 10%, Vss = OV) 



Parameter 


Symbol 


Test Conditions 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Operating Current 


Icci 


tRc = Min. 


- 


90 


- 


80 


- 


66 


- 


55 


- 


47 


mA 


1,2 


Standby Current 


Icc2 


TTL Interface 
RAS, CAS = ViH 
Dqut = High-Z 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




CMOS Interface 

RAS, CAS > Vcc -0-2V 

DouT = High-Z 


- 


1 


- 


1 


- 


1 


- 


1 


- 


1 


mA 




RAS-Only 
Refresh Current 


Icc3 


t^c = Min. 


- 


90 


- 


80 


- 


66 


- 


55 


- 


47 


mA 


2 


Standby Current 


IcC5 


RAS = ViH, CAS = V,L 
DouT = Enable 


- 


5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


> 


CAS-Before-RAS 
Refresh Current 


IcC6 


tRc = Min. 


- 


80 


- 


70 


- 


66 


- 


55 


- 


47 


mA 




Fast Page 
Mode Current 


ICC7 


tpc = Min. 


- 


80 


- 


70 


- 


55 


- 


55 


- 


47 


mA 


1,3 


Input Leakage 
Current 


Ili 


OV < ViN < 7V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


fiA 




Output Leakage 
Current 


Ilo 


OV < VouT ^ 7V 
DouT = Disable 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


M 




Output High 
Voltage 


Vqh 


High IouT = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low Iqut = 4.2mA 





0.4 





0.4 





04 





0.4 





0.4 


V 






NOTES: 1 . Ice depends on 

2. Address can be 

3. Address can be 



output load condition when the device is selected, Ice max. is specified at the output open condition, 
changed less than three times while RAS = Vil. 
changed once or less while CAS = Vih. 
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I CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Cii 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-Out) 


Ci/o 


— 


10 


pF 


1,2 



NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = 5V ± 10%, Vss = OV)(i). (W) 
• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


120 


- 


130 


- 


160 


- 


190 


- 


220 


- 


ns 




RAS Precharge Time 


tRP 


50 


- 


50 


- 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tcAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-Up Time 


USR 





- 





- 





- 





- 





- 


ns 




Row Address Hold Time 


^RAH 


10 


- 


10 


- 


12 


- 


15 


- 


15 


- 


ns 




Column Address Set-Up Time 


tASC 





- 





- 





- 





- 





- 


ns 




Column Address Hold Time 


tcAH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address 
Delay Time 


^RAD 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




CAS Hold Time 


k:sH 


60 


- 


70 


- 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS Precharge Time 


k:RP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




• Read, Write, Read-Modif) 


^Write 2 


ind Refresh 


Cycles (Cc 


mmon Pars 


imeters) 










Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


OE to D,N Delay Time 


k)DD 


20 


- 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




Ol Delay Time From Dj^ 


^DZO 





- 





- 





- 





- 





- 


ns 




CAS Delay Time From D,n 


tozc 





- 





- 





- 





- 





- 


ns 




Transition Time (Rise and Fall) 


h 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


ms 
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• Read Cycle 



Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From RAS 


tRAC 


- 


60 


- 


70 


- 


80 


- 


100 


- 


120 


ns 


2,3 


Access Time From CAS 


tcAC 


- 


20 


- 


20 


- 


25 


- 


25 


- 


30 


ns 


3,4 


Access Time From Address 


tAA 


- 


30 


- 


35 


- 


40 


- 


45 


- 


55 


ns 


3,5 


Access Time From OE 


toAC 


- 


20 


- 


20 


- 


25 


- 


25 


- 


30 


ns 




Read Command Set-Up Time 


tRCS 





- 





- 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 





- 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


^RRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


20 


- 


35 


- 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer Turn-Off Time 


toFFl 


- 


20 


- 


20 


- 


20 


- 


25 


- 


30 


ns 


6 


Output Buffer Turn-Off to OE 


k)FF2 


- 


20 


- 


20 


- 


20 


- 


25 


- 


30 


ns 


6 


CAS to DjN Delay Time 


tcDD 


20 


- 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




• Write Cycle 


Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min. 


Max. 


Mm. 


Max. 


Min. 


Max. 


Min. 


Max 


Min. 


Max. 


Write Command Set-Up Time 


Wcs 





- 





- 





- 





- 





- 


ns 


10 


Write Command Hold Time 


%CH 


15 


- 


15 


- 


20 


- 


20 




25 


- 


ns 




Write Command Pulse Width 


Wp 


10 


- 


10 


- 


15 


- 


15 


- 


20 


- 


ns 




Write Command to RAS Lead Time 


^RWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Data-in Set-Up Time 


bs 





- 





- 





- 





- 





- 


ns 


11 


Data-in Hold Time 


^DH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 


11 


• Read-Modify-Write Cycle 


Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read-Write Cycle Time 


^RWC 


170 


- 


180 


- 


220 


- 


255 


- 


295 


- 


ns 




RAS to WE Delay Time 


^RWD 


85 


- 


95 


- 


110 


- 


135 


- 


160 


- 


ns 


10 


CAS to WE Delay Time 


tcWD 


45 


- 


45 


- 


55 


- 


60 


- 


70 


- 


ns 


10 


Column Address to WE Delay Time 


Wd 


55 


- 


60 


- 


70 


- 


80 


- 


95 


- 


ns 


10 


OE Hold Time From WE 


toEH 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




• Refresh Cycle 


Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Set-Up Time 
(CAS-Before-RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS-Before-RAS 
Refresh Cycle) 


^CHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


~ 


10 


- 


ns 
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• Fast Page Mode Cycle 



Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


45 


- 


50 


- 


55 


- 


55 


- 


65 


- 


ns 




Fast Page Mode CAS 
Precharge Time 


tcp 


10 


- 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




Fast Page Mode RAS Pulse Width 


^RASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


12 


Access Time From CAS Precharge 


Ucp 


- 


40 


- 


45 


- 


50 


- 


50 


- 


60 


ns 


13 


RAS Hold Time From 
CAS Precharge 


^RHCP 


40 


- 


45 


- 


50 


- 


50 


- 


60 


- 


ns 




Fast Page Mode Read-Write 
Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


115 


- 


135 


- 


ns 




• Write Per Bit (15). (16) 


Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Per Bit Setup Time 


^WBS 





- 





- 





- 





_ 





- 


ns 




Write Per Bit Hold Time 


%BH 


10 


- 


10 


- 


12 


- 


15 


- 


15 


- 


ns 




Write Per Bit Selection Setup Time 


%DS 





- 





- 





- 





- 





- 


ns 




Write Per Bit Selection Hold Time 


Wdh 


10 


- 


10 


- 


12 


- 


15 


- 


15 


- 


ns 





NOTES: 



1. AC measurements assume tj = 5ns. 

2. Assumes that tRco ^ Ircd (max.) and Irad ^ Irad (max.). If Ircd or Irad is greater than the maximum 
recommended value shown in this table, Irac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that Ircd ^ Ircd (max.) and Irad ^ Irad (max.). 

5. Assumes that Ircd ^ Ircd (max.) and tRAD ^ Irad (max.). 

6. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Operation with the tRco (max.) limit insures that tRAC (max.) can be met, Ircd (max.) is specified as a reference 
point only, if tRco is greater than the specified tRco (max.) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the Irad (max.) limit insures that tRAC (max.) can be met, tRAD (max.) is specified as a reference 
point only, if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled exclusively by Iaa- 

10. twcs, tRWD, tcwD and Iawd are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs ^ twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if Irwd ^ tRWD (min.), tcwD ^ tcwD (min.) and Iawd ^ 
tAWD (min.), the cycle is a read-write and the data output will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WB/WE leading edge in delayed 
write or read-modify-write cycles. 

12. tRAsc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP 

14. An initial pause of 100 /as is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, a 
minimum of eight CAS-before-RAS refresh cycles are required. 

15. When using the write-per-bit capability, WB/WE must be low as RAS falls. 

16. The data bits to which the w rite operation is applied can be specified by keeping Wi/IOi high with setup and hold 
time referenced to the RAS negative transition. 



716 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM514266AP/AJP/AZP-6/7/8/10/12 



I TIMING WAVEFORMS 
Read Cycle 



RAS 



CAS 



n: 



tASR 



Address 



tRC 



tRAS 



tRCP 



tRAD 



N. 



tRAH Use 

— — >• 



tRSH 



tCAS 



tcSH 



tRAL 



/' 



^r^,',<^77^':^^ y///////////> c 



' A . '»■ .' \ 



tCRP ^ 



mw-E y////////////A 



W1/I01 



W4/I04 



OE 



Dout 



Din 








^^ 



Don't care 
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• Early Write Cycle 



RAS 



CAS 



Address 



WB/WE 



n: 



USR 



^: 



tRC 



tRAS 



tcSH 



*^t_lRP_J 



tRCD 



n: 



tRAH 



Row 



tWBS 

^ 3^ 



tASC 



)>^H 



tRSH 



tCAS 



^'^ 



tCRP 



X 



I 



Column 



tWBH 



twos 



tWDH 



>^A 



Jwcs^ 



Ids 



W4/104lDout 



\ ^///////M 



tCAH 



tOH 



y//////////A 



Hi-Z 



* OE : Dont care 

* Y////X ' ^°"'* ^^^^ 
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Delayed Write Cycle 



RAS 



CAS 



"^s 



tASR 



tpc 



tRAS 



tcSH 



tpCD 



tRAH 



tASC 



\ 



tWBS 



WB. 



tRSH 



tCAS 



Add-ess >c^3or^*^i>^^^^^^ 



tWBH 



tcWL 



k< ^^^^ >- ^ ■ » > 



tRW. 



/ 



,''|L!a^\ 



tCRP 



X 



^. y^ir- w/////////////^r^//////////////. 



twos 



W1/I01 



W4/I04 



tWDH 



p<" xs>s^ 



^DZO 



tozc 

-< ► 



tDS 



Dout 



OE 



v/////////y><///// 



tODD 



■<2> 



twp 

-* ^ 



tDH 



^'^^^iQZMM^ 




k)EH ^ 



W//////////////. 

*1 Invalid output 
*^^:Don1care 
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• Read-Modify-Write Cycle 



tRWC 



RAS 



CAS 



Address 



WB.WE 



W1/I01 
W4/l04l.Dout 




Din ^^m,-><Q^ 



06 W//////////A . X 



////a : Don't c 
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• RAS-Only Refresh Cycle 



RAS 



CAS 



n: 



tCRPp*>- 



tASR 



tRC 



tRAS 



K~^\ 



tRP 



tRPC 




y///////. 



tRAH 



^^ yT?^':^.' ^/////////////////////////////////. 



Hi-Z 



Dout 



1 OE.WE : Don't care 

2 Y////^ : Don't care 



• CAS-Before-RAS Refresh Cycle 




RAS 



CAS 




Address, Din, WE : Don't care 
Dout: High-Z 
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• Fast Page Mode Read Cycle 



RAS 



N. 



CAS 



tASR 



Address 



HI ?BCD_^ 



tRASC 



tcSH 



tRAH 



Row 



tRAD, 



tASC^ 



tCAS 



IZJ-^ZZ'^'^ZJ^' 



tCAH 



tRCS 



mw V///////// 



W1/I01 



Din wm 



W4/l04kDout 



OE 



tozc. 



tpc 



tcp 



tASC 



tRCH 



¥ 



tCDD. 



^ODD. 



tCAC 



<'M > 



tRAC 



Hi-Z 



JOA^ 



tCAS 



tcp 



tCAH 




toZO . ♦ ^DZO, 

^OAC^ 



tRHCP 



/''j^^V 



Use 



iRCS tRCS I 



tRCH^ 



tozc 

tCDD^ 



tAA, 



li^ 



tACP 



tOFFi 



tOFFl"^ 



W 



HI-Z 



\^ 



tRSH 



tCAS 

< >► 



tRAL 



tCAH 



tCRP 



tozc 



tCAC 

\< — ^ 



^AA 



tACP 



tozo 

■< — ► 



Hi-Z 



tODD 
^0FF2 _^ 



MMtU^ 



tRCH 



JtRRH 

H tCDD 



tODD 



< Valid \ 
Output/ 



tOAC 



tOFFi 



tOFF2 



* Y////X : Don't care 
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• Fast Page Mode Early Write Cycle 



RAS 



CAS 



>: 



tASR 



tRASC 



tCSH 



^ tRCD 



tRAH tASC 



tWBS 



WB.WE 



2>C 



tCAS 



tpc 



tcp 



tCAH tASC 



W4/I04 



twos' 



tWBH JWCS J 



Address M^^y&C^~y&L2^^ 



tCAS 



\^''' 's3^' "^3'' 

tCAH tcAH 




JWDH. ^ tp's^ 



twCH twCS 






tOH 



W1/I01pin >CSjX? ^alid Input j kg^^ ^alid Input ) fg^ ^^^^H^^^i^i^^ 



tASC 

-* — ► 



.tRSH_ ^tRp^ 



tCAS 



^^JCRP^ 



twcs 



twCH 



tOH tos^ 



^Dg^-^ 



twCH 



tpH 



Dout 



Hi-Z 



• OE : Don't care 

* lx/yyv| : Don't care 
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• Fast Page Mode Read-Modify-Write Cycle 



tRP 



RAS 



CAS 



tASR^ 



tRASC 



.^ 



tRAD 

Mri >- 



tRAH ' 



WB/WE 



tASC 



xz 



tRCS 



tCAH 



tvVDS 



W1/I01 



W4/I04 



Dout 



Din 



w 



4h 



tDZC 
"*- twDH 



tpCM 



tACP 



tASCH 



Address TtI^^ ^^°^^ v^'"^"> 

iT^BH l l tAWD r ^ 

-H — -*- K^ — H X "^-H » -* — 
tcWD ^Rcs 



tRAC 



tCAC 



tOAC 



Hl-Z 



tozo 

-< ^ 



OE 7 



WMZ2h^' 



tRWD 



tos 



<b<: 



< Valid Is 
Output^ f 



tOFF2 



twp 



^C# 



tDH toZC 



Valid 
Input 



tOEH 

•< >- 



tCP 



^ W////////y 777Z. 



tCAC 
l< >- 



tpzo 

tOAC 

•^ > 



tODD 



Hl-Z 



< 



'CAH 



tAWD 



tcWD 



tos 



tOFF2 

rtf 



Valid 
Output; 



^. /' 



> 



tcWL 



twp 



\^/ZMZZ, 



tDH 



<^Ci)<2^ 



tOEH , 



Hl-Z 



tDZO 



tODD 



VK 



^ 



Don't care 
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HMS1 1000S Series 
HM51 1 OOOA Series 



1048576-word x 1-bit CMOS Dynamic RAM 



The Hitachi HM51 1000S/A series is a CMOS dynamic RAIVI 
organized 1048576-word x 1-bit. HM511000S/A has realized 
higher density, higher performance and various functions by 
employing 1.3 jum CMOS process technology and some new 
CMOS circuit design technologies. 

The HM511000S/A offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits the HM511000S/A to be 
packaged in standard 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 

Features 

• High speed; Access time 80/1 00/1 20 ns (max) 

• Low power; 1 1 mW standby, 385/330/275 mW active 

• Single 5V supply (±10%) 

• Fast page mode capability 

• 512 refresh cycle; (8 ms) 

• 2 variations of refresh; RAS-only refresh 

CAS-before-RAS refresh 



Pin Arrangement 

HM511000SP Series 
HM5 11 000 AP Series 



HM511000SJP Series 
HM5 1 1000 AJP Series 
rHitachi Pirt No.i 
JEDEC Pin No. 




HM511000SZP Series 
HM5 1 1000 AZP Series 



(Top View) 



CAS 2 




Vss 4 


C 
^ 


We 6 




NC 8 


"-J 


NC 10 


H 


Al 12 


cz 


A3 14 


S3 


A4 16 


d^ 


A6 18 


c=3~ 


A8 20 


d 



1 A9 
3 Dout 
5 Din 
7RAS 
9TF*' 
11 AO 
13 A2 
15 Vcc 
17 A5 
19 A? 



HM511000SP Series 
HM5 1 1000 AP Series 



^ 



(DP-180 



HM5 1 1000 SJP Series 
HM5 11000 AJP Series 



^ 



(CP-20D) 



HM511000SZP Series 
HM5 11 000 AZP Series 





(ZP-20) 



Pin Description 



Pin Name 


Function 


AO- A9 


Address input 


AO- A8 


Refresh address input 


Din 


Data input 


Dout 


Data output 


RAS 


Row address strobe 


CAS 


Column address strobe 


WE 


Read/Write input 


TF*1 


Test function 


Vcc 


Power (+5V) 


Vss 


Ground 



Note) 

*1. TF pin can be connected with 
any line or unconnected pro- 
vided the voltage level of TF pin 
must be kept lower than Vqq + 
0.5V. 



(Bottom View) ^ ^ |TACH I 
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HM511000S/A Series - 



Ordering Information 



Type No. 



Access Time 



Package 



HM511000P-8S 

HM511000P-10S 

HM511000P-12S 



HM511000JP-8S 

HM511000JP-10S 

HM511000JP-12S 



HM511000ZP-8S 

HM511000ZP-10S 

HM511000ZP-12S 



80ns 
100ns 
120ns 



80ns 
100ns 
120ns 



80ns 
100ns 
120ns 



300 mil 18-pin 
Plastic DIP 



300 mil 

20-pin Plastic SOJ 



400 mil 

20-pin Plastic ZIP 



Type No. 



HM511000AP-8 

HM511000AP-10 

HM511000AP-12 



HM511000AJP-8 

HM511000AJP-10 

HM511000AJP-12 



Access Time 



HM511000AZP-8 

HM511000AZP-10 

HM511000AZP-12 



80ns 
100ns 
120ns 



80ns 
100ns 
120ns 



80ns 
100ns 
120ns 



300 mil 18-pin 
Plastic DIP 



300 mil 

20-pin Plastic SOJ 



400 mil 

20-pin Plastic ZIP 



Block Diagram 
HM511000S Series 



Ws 



128k 
Memory 
Cell 
Array 



j-y Row! 



CAS 

_i_ 



RAS 




CAS 




WE 


Control 




Control 




Control 


Circuit 




Circuit 




Circuit 



I/O 
Buffer 



-Din 
►Dout 



128k 
Memory 
Cell 
Array 



II 



128k 
Memory 
Cell 
Array 



Word Driver 



Row Decoder 



128k 
Memory 
Cell 
Array 



u 



128k 
Memory 
Cell 
Array 



Row Decoder 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Word Driver 



Row Decoder 



128k 
Memory 
Cell 
Array 



7^ 



Row Address Buffer 



Column Address Buffer 



u 



AO-AS 
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-HM511000S/A Series 



HM511000A Series 



"RaS" 
J- 



^AS 



RAS Control 
Circuit 



CA§ Control 
Circuit 



WE 
± 



WE Control 
Circuit 



I/O 
Buffer 



-Dm 
►Dout 



i> 



256k 
Memory 
Cell 
Array 



Word Driver 



Row Decoder 



[I 



S4. 



256k 
Memory 
Ceil 
Array 



Word Driver 



Row Decoder 



256k 
Memory 
Cell 
Array 



TV 



Row Address Buffer 



TI 



256k 
Memory 
Cell 
Array 



Word Driver 




Column Address Buffer 



jr 



1 A0-A9 r 



Absolute Maximum Ratings 



Parameter 


Symbol 


Rating 


Unit 


Voltage on any pin relative to Vgs 


Vt 


-1.0 to +7.0 


V 


Supply voltage relative to V^S 


vcc 


-1.0 to +7.0 


V 


Short circuit output current 


lOUT 


50 


mA 


Power dissipation 


Pt 


1.0 


W 


Operating temperature 


Topr 


to +70 


'c 


Storage temperature 


'^stg 


-55 to +125 


°c 
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HM51 1000S/A Series 

Recommended DC Operating Conditions (Ta = to +70° C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage 


ViH 


2.4 


- 


6.5 


V 


Input low voltage 


ViL 


-2.0 


- 


0.8 


V 



Note) All voltages referenced to Vgg. 



DC Characteristics (V( 


:c = 5V 


±10%, 


,Vss = 


OV,Ta 


= to +70*^0) 






Parameter 


Symbol 


HM511000-8S HM511000-10S 
HM5 11000 A-8 HM5 11000 A-10 

Min Max Min Max 


HM51 1000-1 2S 
HM511000A-12 

Min Max 


Unit 


Test condition Note 


Operating 
current 


icci 


- 


70 


- 


60 


- 


50 


mA 


RAS, CAS cycling, *, *^ 
tRC=Min *♦ ^ 


Standby 


ICC2 


- 


2 


- 


2 


- 


2 


mA 


RAS,CAS=ViH TTL 
Dout = High-Z interface 


current 


- 


1 


- 


1 


- 


1 


RAS, CAS ^ Vcc -0.2V CMOS 
Dout = High-Z interface 


Refresh 
current 


ICC3 


- 


60 


- 


50 


- 


45 


mA 


RAS-only refresh, ■ ^^ 
tRC=Min 


Standby 
current 


Ices 


- 


5 


- 


5 


- 


5 


mA 


RAS=ViH,CAS= ViL, *j 
Dout = enable 


Refresh 
current 


ICC6 


- 


60 


- 


50 


- 


40 


mA 


C AS-before- RAS refresh, 
tRc = Min. 


Fast page 
mode current 


ICC7 


- 


50 


- 


50 


- 


40 


mA 


RAS = ViL, CAS cycling, *, *o 
tpc=Min ^' ^ 


Input leakage 


Ili 


-10 


10 


-10 


10 


-10 


10 


mA 


ViN=0to+7V 


Output 
leal(^e 


Ilo 


-10 


10 


-10 


10 


-10 


10 


mA 


VouT = to +7V, 
Dout = disable 


Output levels 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


lout ~ -5mA 


Vol 





0.4 





0.4 





0.4 


V 


lout = 4.2mA 



Notes) *1 . Ice depends on output loading condition when the device is selected. Ice ^^^ ^ speciHed at the output open 
condition. 
*2. Address can be changed less than three tim es w hile RAS= Vjl. 
*3. Address can be changed once or less while CAS = Vij|. 



Capacitance (Vcc = 5V ± 10%, Ta = 25°C) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Address, Data input 


Cii 


- 


5 


pF 


*1 


Input capacitance ^, , 
^ ^ Clocks 


Ci2 


- 


7 


pF 


*1 


Output capacitance Data output 


Co 


- 


7 


pF 


*1,*2 



Notes) *1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 



♦2. CAS = Vjjj to disable Dout 
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-HM511000S/A Series 



AC Characteristics (Ta = to +70°C, Vss = OV, Vcc = 5V ± 10%) 

Test Conditions 

• Input rise and fall times: 5ns 

• Input timing reference levels: 0.8V, 2.4V 



Output load: 2 TTL Gate + Cl (100pF) 
(Including scope and jig) 



Read, Write, Read-IVIodify-Write and Refresh Cycles (Common Parameter) 



Parameter 


Symbol 


HM511000-8S HM511000-10S HM511000-12S 
HM511000A-8 HM511000A-10 HM511000A-12 Unit 

Min Max Min Max Min Max 


Note 


Random read or write cycle time 


tRC 


160 


- 


190 


- 


220 


- 


ns 




RAS precharge time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS pulse width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS pulse width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row address setup time 


tASR 





- 





- 





- 


ns 




Row address hold time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column address setup time 


tASC 





- 





- 





- 


ns 




Column address hold time 


tCAH 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS delay time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


*8 


RAS to column address delay time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


*9 


RAS hold time 


tRSH 


25 


- 


25 


- 


30 


- 


ns 




CAS hold time 


tCSH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




Transition time (rise and fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


*7 


Refresh period 


tREF 


- 


8 


- 


8 


- 


8 


ms 




Read Cycle 


Parameter 


Symbol 


HM511000-8S HM511000-10S HM511000-12S 
HM5 1 1000 A-8 HM5 1 lOOOA-10 HM5 1 1000 A-1 2 

Min Max Min Max Min Max 


Unit 


Note 


Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


*2,*3 


Access time from CAS 


tCAC 


- 


25 


- 


25 


- 


30 


ns 


*3,*4 


Access time from address 


tAA 


- 


40 


- 


45 


- 


55 


ns 


*3,*5 


Read command setup time 


tRCS 





- 





- 





- 


ns 




Read command hold time to CAS 


tRCH 





- 





- 





- 


ns 




Read command hold time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column address to RAS lead time 


tRAL 


40 


- 


45 


- 


55 


- 


ns 




Output buffer turn-off time 


tOFF 


- 


20 


- 


25 


- 


30 


ns 


*6 


Write Cycle 


Parameter 


Symbol 


HM511000-8S HM511000-10S HM511000-12S 
HM5 11000 A-8 HM511000A-10 HM511000A-12 

Min Max Min Max Min Max 


Unit 


Note 


Write command setup time 


twcs 





- 





- 





- 


ns 


*10 


Write command hold time 


twCH 


20 


- 


20 


- 


25 


- 


ns 




Write command pulse width 


twp 


15 


- 


15 


- 


20 


- 


ns 




Write command to RAS lead time 


^RWL 


25 


- 


25 


- 


30 


- 


ns 




Write command to CAS lead time 


tcWL 


25 


- 


25 


- 


30 


- 


ns 




Data-in setup time 


tDS 





- 





- 





- 


ns 


*11 


Data-in hold time 


tDH 


20 


- 


20 


- 


25 


- 


ns 


*11 
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HM511000S/A Series- 



Read-Mod if y -Write Cycle 



Parameter 


Symbol 


HM511000-8S HM511000-10S HM511000-12S 
HM511000A-8HM511000A-10 HM511000A-12 

Min Max Min Max Min Max 


Unit 


Note 


Read-write cycle time 


tRWC 


190 


- 


220 


- 


255 


- 


ns 




RAS to WE delay time 


tRWD 


80 


- 


100 


- 


120 


- 


ns 


*10 


CAS to WE delay time 


tcWD 


25 


- 


25 


- 


30 


- 


ns 


*10 


Column address to WE delay time 


^AWD 


40 


- 


45 


- 


55 


- 


ns 


*10 


Refresh Cycle 


Parameter 


Symbol 


HM5 11 000-8 S 
HM511000A-8 

Min Max 


HM511000-10S HM511000-12S 
HM511000A-10 HM511000A-12 

Min Max Min Max 


Unit 


Note 


CAS setup time (CAS-before-RAS refresh) 


fCSR 


10 


- 


10 


- 


10 


- 


ns 




CAS hold time (CAS-before-RAS refresh) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS precharge to CAS hold time 


tRPC 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode Cycle 


Parameter 


Symbol . 


HM511000-8S 
HM511000A-8 

Min Max 


HM511000-10S HM511000-12S 
HM511000A-10 HM511000A-12 

Min Max Min Max 


Unit 


Note 


Fast page mode cycle time 


tpc 


55 


- 


55 


- 


65 


- 


ns 




CAS precharge time 


tCP 


10 


- 


10 


- 


15 


- 


ns 




Fast page mode RAS pulse width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


ns 


*13 


Access time from CAS precharge 


tACP 


- 


50 


- 


50 


- 


60 


ns 


*14 


RAS hold time from CAS precharge 


tRHCP 


50 


- 


50 


- 


60 


- 


ns 




Fast Page Mode Read-Modlfy-Write Cycl 


e 


















Parameter 


Symbol 


HM511000-8S 
HM511000A-8 

Min Max 


HM511000-10S HM511000-12S 
HM511000A-10 HM511000A-12 

Min Max Min Max 


Unit 


Note 


Fast page mode read- write cycle time 


tPCM 


85 


- 


85 


- 


100 


- 


ns 





Notes) 



*3. 
*4. 
*5. 
*6. 



*1. AC measurements assume tj = 5 ns. 

*2. Assumes that tRCD = ^RCD (n^ax) and r/^/) ^ r/?XZ) (max). If tp^CD ^"^ ^RAD is greater than the maximum 
recommended value shown in this table, tji^c exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
Assumes that tRCD = ^rcD (max), tRAD = tRAD (max), 
/fesumes that tRCD = tRCD (max) and tRAD = ^RAD (max). 

tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

*7. Transition times are measured between Vjff and F//,. 

*8. Operation with the tRCD (max) limit insures that Trac (max) can be met, tRCD (max) is specified as a refer- 
ence point only, if tRCJ) is greater than the specified tRCD (max) limit, then access time is controlled exclu- 
sively by tcAO 

*9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a refer- 
ence point only, if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclu- 
sively by tAA- 

^WCS' ^RWDf ^CWD aJid tAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if t\\;cS — WCS (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tR\/^;£) ^ tRn;£) (min), tcWD = ^CWD 
(min) and tAWD = ^AWD (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 

is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 
*12. An initial pause of lOOjus is required after powe r-up f ollowed by eight or more initialization cycles (any combi- 
nation of cycles c onta ining RAS clock such as RAS-only refresh). If internal refresh counter is used, eight or 
more CAS-before-RAS r efresh cycles are required. 
*13. tRASC is determined by RAS pulse width in fast page mode cycle. 
*14. Access time is determined by the longer of tAA^ tCAC or tACP- 



*10, 



ni. 
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-HM511000S/A Series 



Timing Waveforms 
Read Cycle 



■\: 



;/:^\ 



■s. 



■r^^^Yfrn^^ffrrrmT iiiiiiiiiiii 



WE 



WRm 



/ 



zwm 



7^ Vdid ^\ 

"S ^ Output ^ <r 



^ : Don't 



Early Write Cycle 




\ 



>c 



y r^^^^ K 



.^ ^-r^mc^^^^- i/////////////////, 



WE 7 



'///////m . 



/////////////////, 



°- V7777m'r^:^^^^^ry/ /////////////// /7, 



High-Z 



Notes ) ♦ 1. Y/A '■ Don't care 
*2.twcs^twcs(mm) 
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HM511000S/A Series - 



Delayed Write Cycle 



Nc 



RAH lAIC 



$xSxs>^; 



'/-^^^\ 



:mM2MZMM 



}sd=i/MZMZM 



Y/A ■ Don't care. 



Read-Modify-Write Cycle 



\ 



'M. 



II 1 1 III lit 



■uummi'mmTmTi 



- IIIIIIIIIIIIIIIIIK -^. Ullllllllll. 



< 



/-^«— V 



sz^mmniiL 



Valid 
Output 



> 



Ty7\ '• Don't care 
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-HM511000S/A Series 



RAS-Only Refresh Cycle 



\ - Y ' 



K. 



V///////// 



z 



— ' WZ77)(. ^ ^ %y//////////777r/, 



High-Z 



CAS-Before-RAS Refresh Cycle 



RAS 



CAS 



X, 



^sj' "" ■./' '" '''J— ; 



Irpc 



WL 



^ • Don't c 




Address 



'/////////////////////////////////////////, 



Dout 



High-Z 




! Don't care 



Fast Page Mode Read Cycle 



WE ' 



s: 



Nr: 



^^^^^ 






■/. 



Vahd ^v_ 
Output 1 , ( 



\Z\ 



w 



X 



¥ 



Valid 
Output 2 



:^h: 



mmiRWininiL 



mm 



Valid 
Output N 



g^ Don't care 
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HM511000S/A Series - 



Fast Page Mode Write Cycle 



^ 



p 



V7)i ^ ^^UJ) ^"'""""^ j(^Z^ ^'•'"•"" 



iiiiiiiiiiiiiiiA 



V 



V77777A 



/ 



mm. 



mz^Dmi M/m//i 



]/////////////////. 



xi^mr^riTm c^rmjmi//////ii////> 



Notes) * 1.^3 : Don't care 
'('2. {iircs^tMrcs(niin) 



Fast Page Mode Read Modify Write Cycle 



's. 



wuTr/n ^.. 



tcAH ^/tscl ^ ^ tcAH \ ^*^i.\ 

^ASC 



/ 



tcWL 
I 



^'■dM 



'////////////////>m :w7m'mmmm:) ^iiiii/i/ii/i/. 



) Valid \ ;■ 

\ Output 1 I \ 



T 



,* 



/ 



^IDIIIIIIIIIII, 



' ^/iimni/ih 



Vahd 
Output 2 



HH 



Valid 
Output N 
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-HM511000S/A Series 



SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE 



SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 
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HM511000S/A Series - 



RAS ACCESS TIME vs. SUPPLY VOLTAGE 



RAS ACCESS TIME vs. AMBIENT TEMPERATURE 
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HM511000ALP/ALJP/ALZP-8/10/12- 

1,048,576- Word x 1 -Bit Dynamic Random Access Memory 



Preliminary 



■ DESCRIPTION 

The Hitachi HM511000ALP/ALJP/ALZP family is a CIVIOS dy- 
namic RAM organized 1,048,576 word x 1-bit. HM511000ALP/ 
ALJP/AI_ZP has realized higher density, higher performance and 
various functions by employing 1.3/im CMOS process technology 
and some new CMOS circuit design technologies. The 
HM511000ALP/ALJP/ALZP offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits the HM511000ALP/ALJP/ 
ALZP to be packaged in standard 18-pin plastic DIP, 20-pin plastic 
SOJ and 20-pin plastic ZIP 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 80/100/120ns (max.) 

• Low Power Dissipation 

Active Mode 385/330/275mW (max.) 

Standby Mode 1.7mW (max.) 

• Fast Page Mode Capability 

• 512 Refresh Cycles (64 ms) 

• 2 V ariatio ns of Refresh 

RAS-Only R efres h 
CAS-Before-RAS Refresh 

■ ORDERING INFORMATION 



Part No. 


Access 


Package 


HM511000ALP-8 

HM511000ALP-10 

HM511000ALP-12 


80ns 
100ns 
120ns 


300 mil 18 pin 
Plastic DIP 
(DP-18C) 


HM511000ALJP-8 

HM511000AUP-10 

HM511000ALJP-12 


80ns 
100ns 
120ns 


300 mil 20 pin 
Plastic SOJ 
(CP-20D) 


HM511000ALZP-8 

HM511000ALZP-10 

HM511000ALZP-12 


80ns 
100ns 
120ns 


400 mil 20 pin 

Plastic ZIP 

(ZP-20) 



^ 



(DP-18C) 



^^r 



(CP-20D) 




(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


Ao-Ag 


Refresh Address Input 


Din 


Data-in 


DouT 


Data-Out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


TF 


Test Function* 


Vcc 


Power Supply (-1-5 V) 


Vss 


Ground 




TF pm can be connected with any lines 
on PC. board. However, the voltage 
level of TF pin must be kept lower than 
Vcc + 0-5V. 



Hitachi America, Ltd. 
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HM511000ALP/ALJP/ALZP-8/10/12 
■ PIN ARRANGEMENT 



• HM511000ALP Series 


Din n 


TW^iF 


pVss 


WE C 


2 17 


]Dout 


RAS [ 


3 16 


]CAS 


TP [ 


4 15 


]A9 


Ao [ 


5 14 


]A8 


Ai C 


6 13 


]A7 


A2 C 


7 12 


]A6 


A3 C 


8 11 


]A5 


VccC 


9 10 


]A4 


(Top View) 



• HM511000ALJP Series 


r- Hitachi Pin No. -^ 
JEDEC Pin No. 


Din 1 C 


rs^ 


320 Vss 


WE 2C 


2 25 


]19 Dout 


RAS 3C 


3 24 


] 18 CAS 


TP 4C 


4 23 


]17 NC 


NC 5C 


5 22 


]16 A9 
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9 18 


]15 A8 


Ai 7[ 


10 17 


]14 A7 
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(Top View) 



• HM511000ALZP Series 
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(Bottom View) 



BLOCK DIAGRAM 
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HM511000ALP/ALJP/ALZP-8/10/12 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


^out 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


*opr 


Oto +70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°C 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T^ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


ViL 


-2.0 


— 


0.8 


V 


1 



NOTE: 



. All voltage referenced to Vss- 



■ DC ELECTRICAL CHARACTERISTICS (T^ = Oto +70°C, Vcc = 


= 5V ± 


10%, Vss = ov: 








Parameter 


Symbol 


Test Conditions 


HM5110O0AL-8 


HM511000AL-10 


HM511000AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Operating Current 


Ice, 


t^c = Min. 


- 


70 


- 


60 


- 


50 


mA 


1,2 


Standby Current 


1CC2 


TTL Interface RAS, 
CAS = V,H, 
DouT = HighZ 


- 


2 


- 


2 


- 


2 


mA 




CMOS Interface RAS, 
CAS > Vcc - 0.2V 
DouT = High Z 


- 


300 


- 


300 


- 


300 


M 




RAS-Only Refresh Current 


ICC3 


tRc = Min. 


- 


60 


- 


50 


- 


45 


mA 


2 


Battery Back-Up Current 


1CC4 


tRc=125/.s,CAS 
Before RAS Cycling 


- 


300 


- 


300 


- 


300 


IxA 


4 


Standby Current 


Ices 


RAS = V,„, 
CAS = V,L, 
DouT - Enable 


- 


5 


- 


5 


- 


5 


mA 


1 


CAS-Before-RAS Refresh 
Current 


ICC6 


tRc = Min. 


- 


60 


- 


50 


- 


40 


mA 




Fast Page Mode Current 


ICC7 


tpc = Min. 


- 


50 


- 


50 


- 


40 


mA 


1,3 


Input Leakage Current 


Ili 


OV < VjN < 7V 


-10 


10 


-10 


10 


-10 


10 


fiA 




Output Leakage Current 


r 
Ilo 


OV < VouT ^ 7V 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


liA 




Output High Voltage 


VoH 


High Iqut = -5mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low Iqut- = 4.2 mA 





0.4 





0.4 





0.4 


V 






NOTES: 1. Ice depends on output load condition when the device is selected. Ice max. is specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vil. 

3. Address can be changed once or less while CAS = Vih. 

4. tRAS = tRAS min. to 1 fis 

Input voltage: All pins < Vcc - 0.2V or < 0.2V. 
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HM511000ALP/ALJP/ALZP-8/10/12 



I CAPACITANCE (Ta = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Cii 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-Out ) 


Co 


— 


7 


pF 


1,2 



NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS (T^ = 0°C to 70°C, Vcc = 5V ± 10%, Vss = OV)(i)' (12) 
• Read, Write, Read-Modify-Wrlte and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM511000AL-8 


HM511000AL-10 


HM511000AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-Up Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Set-Up Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


tx 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


64 


— 


64 


— 


64 


ms 





• Read Cycle 



Parameter 


Symbol 


HM511000AL-8 


HM511000AL-10 


HM511000AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time From CAS 


tcAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time From Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


^RCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-Off Time 


toFF 


- 


20 


- 


25 


- 


30 


ns 


6 
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HM511000ALP/ALJP/ALZP-8/10/12 



Write Cycle 



Parameter 


c 


■<,„^u^i 


HM511000AL-8 


HM511000AL-10 


HM511000AL-12 


Unit 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


20 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


tos 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tOH 


20 


— 


20 


— 


25 


— 


ns 


11 


• Read-Modify-Wrlte Cycle 


Parameter 


Symbol - 


HM511000AL-8 | 


HM511000AL-10 


HM511000AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read-Write Cycle Time 


^RWC 


190 


— 


220 


— 


225 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


100 


— 


120 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


25 


— 


25 


— 


30 


— 


ns 


10 


Column Address to WE Delay Time 


UWD 


40 


— 


45 


— 


55 


— 


ns 


10 


• Refresh Cycle 


Parameter 


Symbol 


HM511000AL-8 


HM511000AL-10 


HM511000AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time 
(CAS-Before-RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS-Before-RAS Refresh Cycle) 


tcHR 


20 


- 


20 


- 


25 




ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


« 


ns 




• Fast Page Mode Cycle 


Parameter 


Symbol 


HM511000AL-8 


HM511000AL-10 


HM511000AL-12 


Uvt 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


13 


Access Time From CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time From CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 
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• Fast Page Mode Read-Modify-Write Cycle 
















Parameter 


Symbol 


HM51100OAL-8. 


HM511000AL-10 


HM511000AL-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode 
Read-Write Cycle Time 


tpcM 


85 


- 


85 


- 


100 


- 


ns 





NOTES: 1. AC measurements assume It = 5ns. 

2. Assumes that Ircd ^ tRco (max.) and Irad ^ Irad (max.). If Ircd or Irad is greater than the maximum 
recommended value shown in this table, Irac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRco ^ tRco (max.) and tRAD ^ tRAD (max.). 

5. Assumes that tRCD ^ tRCD (max.) and Irad ^ tRAD (max.). 

6. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Operation with the tRCD (max.) limit insures that tRAC (max.) can be met, tRco (max.) is specified as a reference 
point only, if Ircd is greater than the specified Ircd (max.) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max.) limit insures that tRAC (max.) can be met, tRAD (max.) is specified as a reference 
point only, if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled exclusively by tAA- 

10. twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs ^ twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD ^ tRWD (min.), tcwD S: tcwD (min.) and Iawd ^ 
tAWD (min.), the cycle is a read- write and the data output will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

1 1 . These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in a delayed write 
or a read-modify-write cycles. 

12. An initial pause of 100 /is is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, a 
minimum of eight CAS-before-RAS refresh cycles are required. 

13. tRAsc defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 
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I TIMING WAVEFORMS 
Read Cycle 



RAS 



CAS 



n: 



tASR 



Address 



WE 



Dout 



^: 



tRC 



tRAS 



"A* '"p >\ 



tRCD 



tcSH 



N. / 



^ tpAH ^■ 



tRAD 



tASC 

— j^ 



^RSH 



tCAS 



jtcAH 



tRAL 



w//////////// 



JRCS^ 



tCRP 



X 



^z/^<^^>^^^^^^ 



tRAC 



JcAC 



Jaa 



IRCH 



tRRH 



' ^/////////. 



tOFF 



< P°"' > 




^ 



: Don't care 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl(wy. • Brisbane, CA 94005-1819 • (415) 589-8300 743 
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• Early Write Cycle 



RAS 



CAS 



^; 



tASR 



tRC 



tRAS 



tRCD 



^ tRSH" 



tcSH 



tASC 



Nv 



tRAH 



tCAS 



^ 4- '■' -\ 



/ 



tCRP ^ 

l: 1^ 



X 



WE 

Din 
Dout 



y///////////////>i 

IDS 



tcAH 



twcs ^ 

V/////////////A 



tpH 



y////////////M : 0-^ % ^7^ //////////, 



Open ** 



* Y////X : Don't care 
** twcs^twcs (min) 
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Delayed Write Cycle 



RAS 



CAS 



n: 



tASR 



WE 



tRC 



Jras 



tcSH 



tRCD 



tASC 



N. 



tRAH 



tRSH 



tCAS 



tCAH tcWL 



A**«» ^Z>>>. T^^'i ^77^':^^^ <^/////////////////A 



•y///////////// 



tRCS 



./ 



'A. "»■ .'\ 



tCRP ^ 



X 



Din y///////////////7 z^>r^^<^^7z^ //////////. 



tos 



tRWL 



twp 



\ -r^//////////////. 

tOH 



* y////\ ' '^^"'^ ^^''® 
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HM511000ALP/ALJP/ALZP-8/10/12 
• Read-Modify-Write Cycle 



RAS 



CAS 



\ 



tASR 



tRWC 



tRCD 



tpAH 



N. 



Use,. 



Add^ss ^^> r-^r-i ^^r^=M?? ^////////////// 



tpAD 



tpcs 



WE 




tCAH 



^ tpwL^ 



yp^\ 



tcWL 



>' 



-i *CEP_^ 



X 



tAWD 



tcWD 

-* ^ 



tpWD 



- y///////////////;7/>^r^^v^^ //////////. 

T ^CAC 



Dout 



-i5s^ 



twp 



\. . ///////////////, 



tOH 



^ ^AA 



tRAC 



'OFF 



< 



Dout 



* Y////k ' ^°"'^ ^^''® 
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HM511000ALP/ALJP/ALZP-8/10/12 



• RAS-Only Refresh Cycle 



RAS 



n: 



tCRP 



m ^^ 



Address //Vx ^k. 
Dout 



tASR 

-^ >■ 



tRC 



tPAS 



K 



tpP 



tRPC 



X 



" k///////////////. 



z 



tRAH 



Row 



\- ^//////////////////////////y 



OPEN 



•^ 



: Don't care 



• CAS-Before-RAS Refresh Cycle 




RAS 



CAS 



Address 



Dout 



tcSR 



tRC 



tRAS 



JCH^ 



^. Y . '" .\ y: 



tRPC 



-* ►! 




tRC 



tRAS 



^ tcHR 



- tcSR 



tRP 



tCRP 



y 



V///////////////////////////////////.^^^^/. 



OPEN 



^^:Don', 
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HM511000ALP/ALJP/ALZP-8/10/12 
• Fast Page Mode Read Cycle 



RAS 



CAS 



Address 



WE 



Dout 



^. 



tASR 



M 



tRASC 



tcSH 



tRCD 



tRAD 



tASC^ 






Jc^ 



tpc 



>^^'~^^^/ 



Row _K//XColumn 

tRCS 



y//////A 



^RCH, 



tCAC 



, < ^^ > 



tRAC 



tCAH 



tcp 

^ tcAH ^tASC*" ^C/ 

polumn j )^^^y^ Column 2^ 



i^AS^ 



Column 2^ 
Hrcs 



^ tpHCP ^ 



tRSH 



?: 



WE 



iRCH, 



tOFF 
< — ^ 



Use ^^ 

tRAL 



-^ — r 



tRC$ 



^ tAA 



tRP 



tCAS. 



y 



CAH 



tCRP 



^^ ^////////// 



tCAC 

l-< — ► 



tOFF 
-< ► 



< Douti > ^ Dout2^^ ^^ 



tACP 



tRRH 
-^tRCH 



^ 



tOFF 



DoutN 



^■- 



: Don't care 
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HM511000ALP/ALJP/ALZP-8/10/12 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



>: 



tASR 



tRASC 



tcSH 



tRCD JC AS^ 



tRAH tASC 



Address ^ Row j >^>><[ 



tpc 



^ tcp 



tCAH tASC ' 



Col/ 



twcs 



WE y////////A . 



tCAS 
tCAH 



kj^ — tcy — to^ 

tASC"*" 



i>®<BS^C^ 



Din 
Dout 



Jds 



twCH twcs 



Jds^ 



tOH 



,tRSH^ 



tCAS 



:^r^\- 



tRP , 



^_tCRP^ 



twCH 



twcs^ 



X tos 



Open*' 



^//////^ r-^>^r^^^n^ ^//////// 



tOH 



-^tcAH 



-<^ — >- -*i»- 



VCH 



twCH 



tDH 



* Y////\ ■ ^°"'* ^^""^ 

** twcs ^ twcs (min) 
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HM511000ALP/AUP/ALZP-8/10/12 



• Fast Page Mode Read-Modlfy-Write Cycle 



RAS 



CAS 



^. 



tASIL 



Address 



Dout 



^4 



tRASC 



tflCD 



^ ^ASC,^^ 



tRAH 



tCAH 



, tRAD 



WE ^//////// ^- 



tcp 

< ► 



tpCM 



tRWL 



tCAH tASC I 



tASC^ 



tRWD I ^CWD tA»A,n *CWL 



Jawd^:;*" 



tCWL 






tOH 



tAA 



H- 



tCWL 



tAWD, 



tRCS 



tAWD 
tcWD 



tWP 

tCOf 



tOH 



tRP 




tCRP 



/' 



tCAH 

-^ — >i" 



tRAC 



< 



tAA 



_^ . ^ tcAC _^ _itcAC ^ ^. tCAC 



tRCS 



Doutl 



tOFF- 



) — ^: 



tACP 



tAA 



tDH 



twp 



Dout 2 



tOFF- 



\ ^ DoutN^^ 



tACP 



tOFF 



(////\ : Don't care 
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HMS11000H Series 



1048576-word x 1-blt CMOS Dynamic RAM 



The Hitachi HM511000H series is a CMOS dynamic RAM or- 
ganized 1048576-word x 1-bit. HM511000H has realized higher 
density, higher performance and various functions by employing 
1.3 /im CMOS process technology and some new CMOS circuit 
design technologies. 

The HM51 1000H offers Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM511000H to be 
packaged in standard 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 

Features 

• High speed; Access time 60ns/70ns (max) 

• Low power; 1 1 mW standby, 495mW/440mW active 

• Single 5V supply (±10%) 

• Fast page mode capability 

• 512 refresh cycle; (8 ms) 

• 2 variations of refresh; RAS-only refresh 

CAS-before-RAS refresh 



Pin Arrangement 

• HM511000HP Series 



• HM511000HJP Series 




(Top View) 



• HM511000HZP Series 



1 A9 
3 Dout 
5 Dm 
7 RAS 
9TF*' 

11 AO 

13 A2 

15 Vcc 

17 A5 

19 A7 



(Top View) 



CAS 2 


'"E 


Vss 4 


Tn 


WE 6 


rn 


NC 8 




NC 10 




Al 12 


c=r 


A3 14 


cT 


A4 16 


t=r 


A6 18 


dT 


AS 20 


cT 



(Bottom View) 



HITACHI 



HM511000HP Series 



-# 



(DP-18C) 



HM511000HZP Series 



^^^ 



(CP-20D) 





Pin Description 



Pin Name 


Function 


AO- A9 


Address input 


AO - A8 


Refresh address input 


Din 


Data input 


Dout 


Data output 


RAS 


Row address strobe 


CAS 


Column address strobe 


WE 


Read/Write input 


TF*1 


Test function 


Vcc 


Power (+5V) 


Vss 


Ground 



Note: 1. TF pin can be connected 

with any line or unconnected 
provided the voltage level 
of TF pin must be kept 
lower than \/qc+0.5\/. 
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HM511000H Series - 



Ordering Information 



Type No. 



Access Time 



Package 



HM511000HP-6 
HM511000HP-7 



60ns 
70ns 



300-mil 18-pin Plastic DIP 



HM511000HJP-6 
HM511000HJP-7 



60ns 
70ns 



300-mil 20-pin Plastic SOJ 



HM511000HZP-6 
HM511000HZP-7 



60ns 
70ns 



400-mil 20-pin Plastic ZIP 



Blocic Diagram 



RAS 



Control 
Circuit 



CAS 

Control 

Circuit 



WE 

Control 

Circuit 



F^ 



I/O 
Buffer 



-Dm 
-Dout 



128k 
Memory 
Cell 
Array 



r-y Rowt 



128k 
Memory 
Celt 
Array 



1£ 



128k 
Memory 
Cell 
Array 



1?8k 
Memory 
Cell 
Array 



IE 



128k 
Memory 
Cell 
Array 



Row Decoder 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



7^ 



Row Address Buffer 



"n 



Column Address Buffer 



3" 



7 



AO-^AS 
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-HM511000H Series 



Absolute Maximum Ratings 



Parameter 


Symbol Rating Unit 


Voltage on any pin relative to Vss 


Vt -1.0 to +7.0 V 


Supply voltage relative to F55 


Vcc -1.0 to +7.0 V 


Short circuit output current 


IqUT 50 mA 


Power dissipation 


PT 1.0 W 


Operating temperature 


Topr to +70 °C 


Storage temperature 


Tstg -55 to +125 °C 


Recommended DC Operating Conditions (Ta = to +70°C) 


Parameter Symbol 


Min Typ Max Unit 


Supply voltage Vcc 


4.5 5.0 5.5 V 


Input high voltage Vm 


2.4 - 6.5 V 


Input low voltage Vil 


-2.0 - 0.8 V 



Note) All voltages referenced to Vgs- 



DC Characteristics (Vcc 


= 5V 


± 10%, 


Vss- 


OV, Ta = 


to +70°C) 






Parameter 


Symbol - 


HM511000H-6 
Min Max 


HM511000H-7 
Min Max 


- Unit 


Test condition 


Note 


Operating 
current 


^CCl 


- 


90 


- 


80 


mA 


RAS, CAS cycling, 
tRC " Min 




*1,*2 


Standby current 


icci - 


- 


2 


- 


2 


mA 


RAS, CAS = Vjff TTL 

Dout = High-Z interface 

RAS, CAS ^ Fee -0.2V CMOS 
Dout = High-Z interface 






- 


1 


- 


1 




Refresh 
current 


^CC3 


- 


90 


- 


80 


mA 


RAS-only refresh, 
r/2C = Min 




*2 


Standby 
current 


Ices 


- 


5 


- 


5 


mA 


RAS - VjH, CAS = Vji, 
Dout « enable 




*1 


Refresh 
current 


icce 


- 


90 


- 


80 


mA 


CAS-before-RAS refresh, 
tRC = Min 






Fast page mode 
current 


icci 


- 


90 


- 


80 


mA 


RAS = Vji, CAS cycling, 
tpc = Min 




*1,*3 


Input leakage 


ILI 


-10 


10 


-10 


10 


mA 


Vjj^ = to +7V 






Output leakage 


ILO 


-10 


10 


-10 


10 


mA 


VquT = to +7V, 
Dout = disable 






Output levels 


VOH 


2.4 


Vcc 


2.4 


Vcc 


V 


lout =-5mA 






Vol 





0.4 





0.4 


V 


lout = 4.2mA 








Notes) *1. Ice depends on output loading condition when the device is selected. Icc ^^^ is specified at the output open 

condition. 

*2. Address can be changed 1 
*3. Address can be changed c 



I less than three ti mes v^ hile RAS = Vjj^. 
I once or less while CAS = Vjff. 



Capacitance (Vcc = 5 V ± 1 0%» Ta = 25°C) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Address, Data input 


Cii 


- 


5 


pF 


*1 




C12 


- 


7 


pF 


*1 


Output capacitance Data output 


Co 


- 


7 


pF 


*1,*2 



Notes) *1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
♦2. CAS = Vjjj to disable Dout. 
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HM511000H Series - 



AC Characteristics (Ta = to +70°C, Vss = OV, Vcc = 5V ± 10%) 
Test Conditions 

• Input rise and fall times: 5ns • Output load: 2 TTL Gate + Ci_ (lOOpF) 

• Input timing reference levels: 0.8V, 2.4V (Including scope and jig) 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter! 


1 








Parameter 


Symbol - 


HM511000H-6 


HM511000H-7 


Unit 


Note 


Min 


Max 


Min 


Max 


Random read or write cycle time 


tRC 


125 


- 


140 


- 


ns 




RAS precharge time 


tRP 


55 


- 


60 


- 


ns 




RAS pulse width 


tRAS 


60 


10000 


70 


10000 


ns 




CAS pulse width 


tCAS 


20 


10000 


20 


10000 


ns 




Row address setup time 


tASR 





- 





- 


ns 




Row address hold time 


tRAH 


10 


- 


10 


- 


ns 




Column address setup time 


Use 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


15 


- 


ns 




RAS to CAS delay time 


tRCD 


20 


40 


20 


50 


ns 


*8 


RAS to column address delay time 


tRAD 


15 


30 


15 


35 


ns 


*9 


RAS hold time 


tRSH 


20 


- 


20 


- 


ns 




CAS Hold Time 


tCSH 


60 


- 


70 


- 


ns 




CAS to RAS precharge time 


^CRP 


10 


- 


10 


- 


ns 




Transition time (rise and fall) 


tT 


3 


50 


3 


50 


ns 


*7 


Refresh period 


tREF 


- 


8 


- 


8 


ms 




Read Cycle 


Parameter 


Symbol - 


HM511000H-6 


HM511000H-7 


Unit 


Note 


Min 


Max 


Min 


Max 


Access time from RAS 


tRAC 


- 


60 


- 


70 


ns 


*2,*3 


Access time from CAS 


tCAC 


- 


20 


- 


20 


ns 


*3,*4 


Access time from address 


tAA 


- 


30 


- 


35 


ns 


*3,*5 


Read command setup time 


tRCS 





- 





- 


ns 




Read command hold time to CAS 


tRCH 





- 





- 


ns 




Read command hold time to RAS 


tRRH 


10 


_ 


10 


- 


ns 




Column address to RAS lead time 


tRAL 


30 


- 


35 


- 


ns 




Output buffer turn-off time 


tOFF 


- 


20 


- 


20 


ns 


*6 


Write Cycle 


Parameter 


Symbol - 


HM511000H-6 


HM511000H-7 


Unit 


Note 


Min 


Max 


Min 


Max 


Write command setup time 


^WCS 





- 





- 


ns 


*10 


Write command hold time 


tWCH 


15 


- 


15 


- 


ns 




Write command pulse width 


tWP 


10 


- 


10 


- 


ns 




Write command to RAS lead time 


tRWL 


20 


- 


20 


- 


ns 




Write command to CAS lead time 


tCWL 


20 


- 


20 


- 


ns 




Data-in setup time 


tDS 





- 





- 


ns 


*11 


Data-in hold time 


fDH 


15 


- 


15 


- 


ns 


*11 
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-HM511000H Series 



Read-Modify-Write Cycle 



Parameter 


Symbol - 


HM511000H-6 


HM511000H-7 


Unit 


Note 


Min 


Max 


Min 


Max 


Read-write cycle time 


fRWC 


150 


- 


165 


- 


ns 




RAS to WE delay time 


tRWD 


60 


- 


70 


- 


ns 


*10 


CAS to WE delay time 


tCWD 


20 


- 


20 


- 


ns 


*10 


Column address to WE delay time 


tAWD 


30 


- 


35 


- 


ns 


*10 


Refresh Cycle 


Parameter 


Symbol - 


HM511000H-6 


HM511000H-7 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS setup time (CAS-before-RAS refresh) 


tCSR 


10 


- 


10 


- 


ns 




CAS hold time (CAS-before-RAS refresh) 


tCHR 


15 


- 


15 


- 


ns 




RAS precharge to CAS hold time 


tRPC 


10 


- 


10 


- 


ns 




Fast Page Mode Cycle 


Parameter 


Symbol - 


HM511000H-6 


HM511000H-7 


Unit 


Note 


Min 


Max 


Min 


Max 


Fast page mode cycle time 


tpc 


45 


- 


50 


- 


ns 




CAS precharge time 


tCP 


10 


- 


10 


- 


ns 




Fast page mode RAS pulse width 


tRASC 


- 


100000 


- 


100000 


ns 


*13 


Access time from CAS precharge 


tACP 


- 


40 


- 


45 


ns 


*14 


RAS hold time from CAS precharge 


tRHCP 


40 


- 


45 


- 


ns 




Fast Page Mode Read-Modify-Write Cycle 


Parameter 


Symbol - 


HM511000H-6 


HM511000H-7 


Unit 


Note 


Min 


Max 


Min 


Max 


Fast page mode read-write cycle time 


tPCM 


70 


- 


75 


- 


ns 






Notes) *1. 
*2. 

*3. 
*4 

*5. 
*6. 



*10. 



*11. 



ni. 



n4. 



AC measurements assume tj = 5 ns. 

Assumes that tRCD — ^RCD ("lax) and tji^j) ^ tju^D (max). If tucD ^^ ^RAD i^ greater than the maximum 
recommended value shown in this table, ^/^c exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
Assumes that tRCD = ^RCD (max), tRAD = ^RAD (max). 
Assumes that tRCD = ^RCD (max) and tji/^j) ^ ^/2^/) (max). 

tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 
Transition times are measured between Vjfj and F//,. 

Operation with the tjiCD (max) limit insures that tji^c (max) can be met, t^CD (max) is specified as a refer- 
ence point only, if tj^CD ^^ greater than the specified tjKjj) (max) limit, then access time is controlled exclu- 
sively by tCAC- 

Operation with the tR^j) (max) limit insures that tn^c (max) can be met, tjuu) (max) is specified as a refer- 
ence point only, if tRAD is greater than the specified tRj^^j) (max) limit, then access time is controlled exclu- 
sively by f4^. 

^WCS' ^RWD> ^CWD ^^'^ ^AWD ^^^ ^^^ restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if tn/cs = ^WCS (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tj^/j) ^ tRWD (min), tcWD = ^CWD 
(min) and tj^w/D ^ OlM) (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 

is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

An initial pause of lOOjus is r equir ed after power -up f ollowed by eight or more initialization cycles (any com- 
bination of c ycles c ontain ing RAS clock such as RAS-only refresh). If internal refresh counter is used, eight 
or more CAS-before-RA S refr esh cycles are required. 
fRASC ^s determined by RAS pulse width in fast page mode cycle. 
Access time is determined by the longer of ^^44, tCAC ^^ ^ACP- 
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HM511000H Series - 



Timing Waveforms 
Read Cycle 



;/-^^^\ 



^'UILlIIL 



TKS:m:^i mimT i ii//iii///i 



/ 



zmm 



<Vaiid ^\ 

Output ^ /" 



^^ • Don't care 



Early Write Cycle 



\ 



H/^=^^=^\ 



>: 



7^-^^ ^^:^:^-^//////////////// 



WE 7" 



W/////4 



/////////////////, 



"TmnrnJ^EyuiMMMMi 



H.gh-Z 



Notes. ♦ \.^7A '• Don't care 
♦ 2. /i^cs^'wcs(min) 
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-HM511000H Series 



Delayed Write Cycle 



N. 



^5l 



Nr 




'A 



K 



:Jr^ 



] W///////////////M 



YMUf t r-iy///////////// 



7///////////)r ^r M///////////m 

Y//\ : Don't care 



Read-Modify-Write Cycle 

RAS 



\ 



'M.. 



WE 



////////// 



< 



l illlllllllllli 



limi!IIIIIIIIIIK ~^^: UIIIIIIIIII. 



y=^v 




'tmunML 



Valid 
Output 



> 
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HM511000H Series- 



RAS-Only Refresh Cycle 



V^-H ^- 



- y/////// 



X. 






.... Tjii/^^ .„„ '% ///////////mr/, 



High-Z 



CAS-Before-RAS Refresh Cycle 



RAS 



CAS 



H 



WL 



^sL" ''"' ■;/^. ^^^ ."^H: '"'' " J /"^ ^"^ '^^^ 



.-^ 



tcRP 



Address 



Dout 



High-Z 



' Don't care 



Fast Page Mode Read Cycle 



N: 



wm 



\± 



-^^k=^' 



-=^ 



y: 



mm. 



W 



X 



^' 



mmMimM 



msR 



\^A ^v ; ' Valid ^V f 

Output 1 .( S ^ Output 2 / ^ ^ 



Vahd 
Output N 
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-HM511000H Series 



Fast Page Mode Write Cycle 



N^. 




I/II/II/I/II///A 



M 



\J~1. 



Wm 



mm 



Input 1 ,r \/// S , Input 2 , r \/// ^ t Input N . A /// 



^ n^^^ x 7////////////////// 



y////////////////. 



High-Z*^ 



Fast Page Mode Read-Modify-Write Cycle 



Notes ♦ 1 V///A Don't care 
♦ 2 Urs^Ursdnin ) 




\ 



'\ 



T jimm 



— w^yiK^ijm:^!::^^^ 



^i 



^ 



\ 



^dz^ 



^^^^^mD^a^scia^^^ 



Valid 
Output 1 



,K- 



/ 



\r ^/l!//H////l, 



\ f vliiid \ / ' vliid \ 

I \ Output 2 f \ Output N ^ 



hi' 
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HM511000H Series - 



SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE 



SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 
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-HM511000H Series 



RAS ACCESS TIME vs. SUPPLY VOLTAGE 



RAS ACCESS TIME vs. AMBIENT TEMPERATURE 
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HMSIIOOIS Series 



1048576-word x 1-bit CMOS Dynamic RAM 



The Hitachi HM511001S series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM51 1001S has realized higher 
density, higher performance and various functions by employing 
1.3 /im CMOS process technology and some new CMOS circuit 
design technologies. 

The HM511001S offers Nibble Mode as a high speed access 
mode. 

Multiplexed address input permits the HM511001S to be 
packaged in standard, 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 

Features 

• High speed; Access time 80/100/120 ns (max) 

• Low power; 1 1 mW standby, 385/330/275 mW active 

• Single 5V supply (±10%) 

• Nibble mode capability 

• 512 refresh cycle; (8 ms) 

• 2 variations of refresh; RAS-only refresh 

CM-before-RM refresh 



Pin Arrangement 
• HM5 11 00 ISP Series 




• HM511001SJP Series 

Hitachi Pin No. 
JEDEC Pin No. 



(Top View) 



• HM51 1 001 SZP Series 




(Top View) 




HM511001SP Series 



^ 



(DP-18Q 



HM51101SJP Series 



^^^ 



(CP-20D) 



HM51 1001 SZP Series 




(ZP-20) 



Pin Description 



Symbol 


Function 


AO- A9 


Address input 


AO- A8 


Refresh address input 


A9 


Nibble address input 


Din 


Data input 


Dout 


Data output 


RAS 


Row address strobe 


CAS 


Row address strobe 


WE 


Read/Write input 


TF*1 


Test function 


vcc 


Power (-f-SV) 


vss 


Ground 



Note) 

*1. TF pin can be connected witii 
any line or unconnected pro- 
vided the voltage level of TF pin 
must be kept lower than Vqq + 
0.5V. 
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HM51 1 001 S Series 



Ordering Information 






Type No. 


Access Time 


Package 


HM511001P-8S 

HM5110001P-10S 

HM5110001P-12S 


80ns 
100ns 
120ns 


300 mil 18-pin Plastic DIP 


HM511001JP-8S 

HM511001JP-10S 

HM511001JP-12S 


80ns 
100ns 
120ns 


300 mil 20-pin Plastic SOJ 


HM511001ZP-8S 

HM511001ZP-10S 

HM511001ZP-12S 


80ns 
100ns 
120ns 


400 mil 20-pin Plastic ZIP 



Block Diagram 



RaS 



CAB 



RAS 


CXB 






Control 


Control 




Control 


Circuit 


Circuit 




Circuit 



WE 
J_ 



128k 

Memory 
Cell 



r— K I 
|V Buffer 



-Din 
•■Dout 



^^emoiy Memory oi Memory 
^Cell ^''-" T^l^-" 



1£ 



128k 



128k 



I — N «"'< '""" Word Driver 
n ^iiwi)w»f| I Roo Decoder 

Ro« Address Buffer 



Word Driver 
Row Decoder 



li 



r> {^ Memorj Memory,^ 



2i 



Word Driver 
Ro^ DecodeT 



Column Address Buffer 



«..r«ll,..>, 4^ 




Absolute Maximum Ratings 



Parameter 


Symbol 


Rating 


Unit 


Voltage on any pin relative to Vgs 


Vt 


-1.0 to +7.0 


V 


Supply voltage relative to F55 


vcc 


-1.0 to +7.0 


V 


Short circuit output current 


^out 


50 


mA 


Power dissipation 


Pt 


1.0 


W 


Operating temperature 


^opr 


to +70 


°c 


Storage temperature 


'^stg 


-55 to +125 


"C 
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HM51 1001 S Series- 



Recommended DC Operating Conditions (Ta = to +70 C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage 


ViH 


2.4 


- 


6.5 


V 


Input low voltage 


ViL 


'2.0 


- 


0.8 


V 



Note) All voltages referenced to Vss- 



DC Characteristics (Vcc = 5V 


±10%, 


,Vss = 


OV, Ta 


= to +70°C) 








Parameter 


Symbol 


HM511001-8S 
Min Max 


HM511001-10S 
Min Max 


HM511001-12S 
Min Max 


Unit 


Test condition 


Note 


Operating 
current 


icci 


- 


70 


- 


60 


- 


50 


mA 


RAS, CAS cycling, 
tRc = Min 


*1,*2 


Standby 
current 


ICC2 


_ 


2 
1 


~ 


2 

1 


~ 


2 
1 


mA 


RAS,CAS=ViH TTL 
Dout=High-Z interface 

RAS,CAS^Vcc-0•2V CMOS 
Dout=High-Z interface 




Refresh 
current 


ICC3 


- 


60 


- 


50 


- 


45 


mA 


RAS-only refresh, 
tRc=Min 


*2 


Standby 
current 


Ices 


- 


5 


- 


5 


- 


5 


mA 


RAS=ViH.CAS = ViL. 

Dout = enable 


*1 


Refresh 
current 


ICC6 


- 


60 


- 


50 


- 


40 


mA 


CAS-before-RAS refresh, 

tRC ~ ^^^ 




Nibble 
mode current 


ICC8 


- 


50 


- 


50 


- 


40 


mA 


RAS = V,L, CAS cycling, 
tjsfC'^ Min 


*1,*3 


Input leakage 


Ili 


-10 


10 


-10 


10 


-10 


10 


mA 


ViN=0to+7V 




Output 
leakage 


Ilo 


-10 


10 


-10 


10 


-10 


10 


mA 


VoUT = to +7V, 
Dout = disable 




Output levels 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


lout = -5 mA 




Vol 





0.4 





0.4 





0.4 


V 


lout = 4.2mA 





Notes) * 1 . Ice depends 
condition. 
*2. Address can 
*3. Address can 



; on output loading condition when the device is selected. Ice ^^^' is specified at the output open 

be changed less than three timesjwhile RAS = Vjl. 
be changed once or less while CAS= Vipj. 



Capacitance (Vcc = 5V ± 10%, Ta = 25°C) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Address, Data input 


Cii 


- 


5 


pF 


*1 


Input capacitance ~ ^ , 
^ *^ Qocks 


Cl2 


- 


7 


pF 


*1 


Output capacitance Data output 


Co 


- 


7 


pF 


*1,*2 



Notes) *1- Capa citance measured with Boonton Meter or effective capacitance measuring method. 
•2. CAS = ViHto disable Dout. 



AC Characteristics (Ta = to +70''C, Vcc = 5V ±10%, Vss = OV)*^'*^ 

Test Conditions 

• Input rise and fail times: 5ns 

• Input timing reference levels: 0.8V, 2.4V 

• Output load: 2TTL Gate + Cl (100pF) (Including scope and jig) 
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-HMSllOOISSdries 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 










Parameter 


Symbol 


HM511001-8S 
Min Max 


HM511001-10S HM511001-12S 
Min Max Min Max 


Unit 


Notes 


Random read or write cycle time 


tRC 


160 


- 


190 


- 


220 


- 


ns 




RAS precharge time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS pulse width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS pulse width 


tCAS 


40 


10000 


50 


10000 


60 


10000 


ns 




Row address setup time 


tASR 





- 





- 





- 


ns 




Row address hold time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column address setup time 


Use 





- 





- 





- 


ns 




Column address hold time 


tCAH 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS delay time 


tRCD 


22 


40 


25 


50 


25 


60 


ns 


7 


RAS hold time 


tRSH 


40 


- 


50 


- 


60 


- 


ns 




CAS hold time 


tCSH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




Transition time (rise and fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 




Refresh period 


tREF 


- 


8 


- 


8 


- 


8 


ms 




Read Cycle 


Parameter 


Symbol 


HM5110G1-8S 
Min Max 


HM511001-10S HM511001-I2S 
Min Max Min Max 


Unit 


Notes 


Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


2,3 


Access time from CAS 


tCAC 


- 


40 


- 


50 


- 


60 


ns 


3,4 


Read command setup time 


tRCS 





- 





- 





- 


ns 




Read command hold time referenced to CAS 


tRCH 





- 





- 





- 


ns 




Read command hold time referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Output buffer turn-off delay 


tOFF 


- 


20 


- 


25 


- 


30 


ns 


5 


Write Cycle 


Parameter 


Symbol 


HM511001-8S 
Min Max 


HM511001-10S 
Min Max 


HM511001-12S 
Min Max 


Unit 


Notes 


Write command setup time 


^WCS 





- 





- 





- 


ns 


8 


Write command hold time 


tWCH 


20 


- 


20 


- 


25 


- 


ns 




Write command pulse width 


tWP 


15 


- 


15 


- 


20 


- 


ns 




Write command to RAS lead time 


tRWL 


25 


- 


25 


- 


30 


- 


ns 




Write command to CAS lead time 


tCWL 


25 


- 


25 


- 


30 


- 


ns 




Data-in setup time 


tDS 





- 





- 





■- 


ns 


9 


Data-in hold time 


WH 


20 


- 


20 


- 


25 


- 


ns 


9 


Read-Modify-Write Cycle 


Parameter 


Symbol 


HM511001-8S 
Min Max 


HM511001-10S MH511001-12S 
Min Max Min Max 


Unit 


Notes 


Read-write cycle time 


fRWC 


190 


- 


210 


- 


245 


- 


ns 




RAS to WE delay time 


tRWD 


80 


- 


90 


- 


110 


- 


ns 


8 


CAS to WE delay time 


tCWD 


40 


- 


40 


- 


50 


- 


ns 


8 
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HM51 1001 S Series- 
Refresh Cycle 



Parameter 


Symbol 


HM511001-8S 
Min Max 


HM511001-10S 
Min Max 


HM511001-12S 
Min Max 


Unit 


Notes 


CAS setup time (CAS-before-RAS refresh) 


tCSR 


10 


- 


10 


- 


10 


- 


ns 




CAS hold time (CAS-before-RAS refresh) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS precharge to CAS hold time 


tRPC 


10 


- 


10 


- 


10 


- 


ns 




Nibble Mode Cycle 


Parameter 


Symbol 


HM511001-8S 
Min Max 


HM511001-10S 
Min Max 


HM511001-12S 
Min Max 


Unit 


Notes 


Nibble mode access time 


tNAC 


- 


25 


- 


25 


- 


30 


ns 




Nibble mode cycle time 


fNC 


45 


- 


45 


- 


50 


- 


ns 




Nibble mode CAS precharge time 


tNCP 


10 


- 


10 


- 


10 


- 


ns 




Nibble mode CAS pulse width 


tNCA 


25 


- 


25 


- 


30 


- 


ns 




Nibble mode RAS hold time 


tNRSH 


25 


- 


25 


- 


30 


- 


ns 




Nibble Mode Read-Modify-Write 


Parameter 


Symbol 


HM511001-8S 
Min Max 


HM511001-10S 
Min Max 


HM511001-12S 
Min Max 


Unit 


Notes 


Nibble mode read-modify-write cycle tim.e 


'NRWC 


65 


- 


65 


- 


75 


- 


ns 




Nibble mode write command CAS lead time 


tNCWL 


20 


- 


20 


- 


25 


- 


ns 




Nibble mode CAS to WE delay time 


tNCWD 


20 


- 


20 


- 


25 


- 


ns 





Notes) 

* 1. AC measurements assume tj = 5ns. 

*2. Assumes that tjicj) ^ tj^CD (max). If tj^CD i^ greater 
than the maximum recommended value shown in this 
table, tji^(^ exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

Assumes that tjicD — ^RCD (max). 
tOFF (max) is defined as the time at which the output 
achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 
Transition times are measured between Vjff and Vji. 
7. Operation with the tj^cD (max) limit insures that 
^RAC (max) can be met, tj^CD (max) is specified as a 
reference point only, if tj^CD ^^ greater than the speci- 
fied tjiCD (max) limit, then access time is controlled 
exclusively by tCAC. 

tWCS ^"^ ^CWD ^r® "ot restrictive operating para- 
meters. They are included in the data sheet as elec- 



*3. 



*4 
*5. 



*6. 



*8. 



*10. 



trical characteristics only: if tuf^s — ^WCS (min), the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tji}^£) ^ tjiw^D (min) and ^cPt^D ^ 
tcWD 0^^^)> the cycle is a read- write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeter- 
minate. 

These parameters are refer ence d to CAS leading edge 
in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 
An initial pause of 100/us is required after power-up 
followed by eight initial ization cycles (any combina- 
tion of cycles containing RAS clock such as RAS-only 
refre sh). If inter nal re fresh counter is used, eight or 
more CAS-before-RAS refresh cycles are required. 
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- HM511 001 S Series 



Timing Waveforms 
Read Cycle 
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HM51 1 001 S Series - 
Delayed Write Cycle 
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HM511 001 S Series 



RAS-Only Refresh Cycle 
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HM511001S Series - 



Nibble Mode Write Cycle 
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-HM511001S Series 



SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE 



SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 
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HM51 1 001 S Series - 



RAS ACCESS TIME vs. SUPPLY VOLTAGE 



RAS ACCESS TIME vs. AMBIENT TEMPERATURE 



1.3 



1.0 



te 0.8 



•'4.50 4 75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



\.6 
1.2 
1.1 
1.0 
0.9 
0.8 
n 7 

























• 


" 

























20 40 60 80 

Ambient Temperature Ta CO 



CAS ACCESS TIME vs. SUPPLY VOLTAGE 



CAS ACCESS TIME vs. AMBIENT TEMPERATURE 



TD 


I.J 
1.2 

1.1 










N 


N, 








^ 


\^ 








O 


1.0 




^^^ 






H 








. 


^ 


0.9 








^ 


< 










CO 

< 


0.8 
n 7 





















■'4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



1 '■' 
1 '-' 

g 

i 0.9 

1 
c/) 
< 0.8 

n 7 
















^ 




^ 































20 40 60 80 

Ambient Temperature Ta (°C) 



772 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HMBIIOOIA Series 

1048576-word x 1-bit CMOS Dynamic RAM 



The Hitachi HM511001A series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM511001A has realized 
higher density, higher performance and various functions by 
employing 1.3 jum CMOS process technology and some new 
CMOS circuit design technologies. 

The HM511001A offers Nibble Mode as a high speed access 
mode. 

Multiplexed address input permits the HM511001A to be 
packaged in standard, 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 

Features 

• High speed; Access time 80/1 00/1 20 ns (max) 

• Low power; 1 1 mW standby, 385/330/275 mW active 

• Single 5V supply (±10%) 

• Nibble mode capability 

• 512 refresh cycle; (8 ms) 

• 2 variations of refresh; RAS-only refresh 

CAS-before-RM refresh 



Pin Arrangement 

• HM511 001 AP Series 

Dm|T 

we|T 

RASU 
TF*i[T 

A0[T 

Aid 

A2[T 

A3|T 

Vcc\T 



TTjoout 

16] CAS 
T5]A9 
HJAS 
13JA7 

HJab 

Ti]A5 
To]A4 



HM511001AJP Series 

Hitachi Pin No. 
JEDEC Pin No. 



(Top View) 



• HM511 001 AZP Series 




(Top View) 




HM5 1 100 lAP Series 



^ 



(DP-18C) 



HM5 11 00 lAJP Series 



^^^^ 



(CP-20D) 





Pin Description 



Pin Name 


Function 




AO- A9 


Address input 




AO - A8 


Refresh address input 




A9 


Nibble address input 




Din 


Data input 




Dout 


Data output 




RAS 


Row address strobe 




CAS 


Row address input 




WE 


Read/Write input 




TF*l 


Test function 




vcc 


Power (+5V) 




vss 


Ground 





Note: 1. TF pin can be connected 

with any line or unconnected 
provided the voltage level of 
TF pin must be kept lower 
than Vqc + 0.5V. 
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HM511001A Series- 



Ordering Information 






Type No. Access Time 


Package 


HM511001AP-8 

HM511001AP-10 

HM511001AP-12 


80ns 
100ns 
120ns 


300 mil 18-pin Plastic DIP 


HM511001AJP-8 

HM511001AJP-10 

HM511001AJP-12 


80ns 
100ns 
120ns 


300 mil 20-pin Plastic SOJ 


HM511001AZP-8 

HM511001AZP-10 

HM511001AZP-12 


80ns 
100ns 
120ns 


400 mil 20-pin Plastic ZIP 



Block Diagram 



MS" 



CAS 



RAS Control 
Circuit 



CAS Control 
Circuit 



± 



WE Control 
Circuit 



256k 
Memory 
Cell 
Array 



256k 
Memory 
Cell 
Array 



Row Decoder Row Decoder 



I/O 
Buffer 



-Dm 
'Dout 



256k 
Memory 
Cell 
Array 



Word Driver Word Driver <% Word Driver 



Row Address Buffer 



w 



256k 
Memory 
Cell 
Array 



Column Address Buffer 



Tf 



Absolute Maximum Ratings 



Parameter 


Symbol 


Rating 


Unit 


Voltage on any pin relative to V^S 


Vt 


-1.0 to +7.0 


V 


Supply voltage relative to V^s 


vcc 


-1.0 to +7.0 


V 


Short circuit output current 


lout 


50 


mA 


Power dissipation 


Pt 


1.0 


W 


Operating temperature 


Topr 


to +70 


°c 


Storage temperature 


Tstg 


-55 to +125 


°c 
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-HM511001A Series 



Recommended DC Operating Conditions {Ta = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply 


vcc 


4.5 


5.0 


5.5 


V 


Input high voltage 


VlH 


2.4 


- 


6.5 


V 


Input low voltage 


ViL 


-2.0 


- 


0.8 


V 



Note) All voltages referenced to F55. 



DC Characteristics {Vcc - 5V 


± 10%, 


^vss = 


= OV, Ta -- 


= to +70°C) 








Parameter 


Symbol 


HM511001A-8 
Min Max 


HM511001A-10 HM511001A-12 
Min Max Min Max 


Unit 


Test condition 


Note 


Operating 
current 


^CCl 


- 


70 


- 


60 


- 


50 


mA 


RAS, CAS cycling, 
tRC = Min 


*1,*2 


Standby 
current 


Jcci 


- 


2 
1 


- 


2 
1 


- 


2 
1 


mA 


RAS, CAS = ViH TTL 
Dout = High-Z interface 

RAS,CAS^Fcc-0.2V CMOS 
Dout = High-Z interface 




Refresh 
current 


^CC3 


- 


70 


- 


60 


- 


50 


mA 


RAS-only refresh, 
tjic = Min 


*2 


Standby 
current 


^CCS 


- 


5 


- 


5 


- 


5 


mA 


RAS = VjH, CAS = VjL, 
Dout = enable 


*1 


Refresh 
current 


^CC6 


- 


60 


- 


50 


- 


40 


mA 


CAS-before-RAS refresh, 
tuc "^ Min. 




Nibble 
mode current 


^CCS 


- 


50 


- 


50 


- 


40 


mA 


RAS = VfL, CAS cycling, 
t]\fC "= Mm 


*1,*3 


Input leakage 


ILI 


-10 


10 


-10 


10 


-10 


10 


mA 


F/jv = to +7V 




Output 
leakage 


ILO 


-10 


10 


-10 


10 


-10 


10 


.mA 


VoUT = to +7V, 
Dout = disabled 




Output levels 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


lout = -5mA 




Vol 





0.4 





0.4 





0.4 


V 


lout = 4.2mA 





Notes) *1. Ice depends on output loading condition v^^hen the device is selected. Icc "^^x. is specified at the output open 

condition. 

*2. Address can be changed less than three ti mes w hile RAS = Vj^. 
*3. Address can be changed once or less while CAS = Vjfj. 




Capacitance {Vcc 


= 5V±10%,rfl=25°C) 














Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input capacitance 


Address, Data input 


cn 


- 


5 


pF 


*1 


Clocks 


cn 


- 


7 


pF 


*1 


Output capacitance 


Data output 


Co 


- 


7 


pF 


*1,*2 



Notes) *1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = VjH to disable Dout. 
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HM511001A Series - 



AC Characteristics (Ta = to +70*'C, Vcc = 5V ± 10%, Vss = OV)* ^ '*^° 
Test Conditions 

• Inputriseandfall times: 5ns • Output load: 2 TTL Gate + C/. (100 pF) 

• Input timing reference Ivels: 0.8V, 2.4V (Including scope and jig) 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 



Parameter 


Symbol 


HM511001A-8 
Min Max 


HM511001A-10 HM511001A-12 
Min Max Min Max 


Unit 


Note 


Random read or write cycle time 


tRC 


160 


- 


190 


- 


220 


- 


ns 




RAS precharge time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS pulse width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS pulse width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row address setup time 


tASR 





- 





- 





- 


ns 




Row address hold time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column address setup time 


tASC 





- 





- 





- 


ns 




Column address hold time 


tCAH 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS delay time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


*7 


RAS to column address delay time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


*11 


RAS hold time 


tRSH 


25 


- 


25 


- 


30 


- 


ns 




CAS hold time 


tCSH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




Transition time (rise and fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


*6 


Refresh period 


tREF 


- 


8 


- 


8 


- 


8 


ms 




Read Cycle 


Parameter 


Symbol 


HM511001A-8 
Min Max 


HM511001A-10 HM511001A-12 
Min Max Min Max 


Unit 


Note 


Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


*2,*3 


Access time from CAS 


tCAC 


- 


25 


- 


25 


- 


30 


ns 


*3,*4 


Access time from address 


tAA 


- 


40 


- 


45 


- 


55 


ns 


*3,*4 


Read command setup time 


fRCS 





- 





- 





- 


ns 




Read command hold time referenced to CAS 


tRCH 





- 





- 





- 


ns 




Read command hold time referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column address to RAS lead time 


tRAL 


40 


_ 


45 


- 


55 


- 


ns 




Output buffer turn-off delay 


tOFF 


- 


20 


- 


25 


- 


30 


ns 


*5 


Write Cycle 


Parameter 


Symbol 


HM511001A-8 
Min Max 


HM511001A-10 HM511001A-12 
Min Max Min Max 


Unit 


Note 


Write command setup time 


^WCS 





- 





- 





_ 


ns 


*8 


Write command hold time 


tWCH 


20 


- 


20 


- 


25 


- 


ns 




Write command pulse width 


^WP 


15 


- 


15 


- 


20 


_ 


ns 




Write command to RAS lead time 


tRWL 


25 


- 


25 


- 


30 


- 


ns 




Write command to CAS lead time 


tCWL 


25 


- 


25 


- 


30 


~ 


ns 




Data-in setup time 


tDS 





- 





- 





- 


ns 


*9 


Data-in hold time 


tDH 


20 


- 


20 


- 


25 


- 


ns 


*9 
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-HM511001A Series 



Read-Modify-Write Cycle 



Parameter 



, HM511001A-8 HM511001A-10 HM511001A-12 
Symbol — — ^^ 7^ —^ — Unit 



Mm 



Max Min Max Min 



Max 



Note 



Read-write cycle time 


tRWC 


190 


- 


210 


- 


245 


- 


ns 




RAS to WE delay time 


tRWD 


80 


- 


90 


- 


110 


- 


ns 


*8 


CAS to WE delay time 


tCWD 


25 


- 


25 


- 


30 


- 


ns 


*8 


Column address to WE delay time 


tAWD 


40 


- 


45 


- 


55 


- 


ns 


*8 


Refresh Cycle 


Parameter 


Symbol 


HM5 11001 A-8 
Min Max 


HM511001A-10 HM511001A-12 
Min Max Min Max 


Unit 


Note 


CAS setup time (CAS-before-RAS refresh) 


tCSR 


10 


- 


10 


- 


10 


- 


ns 




CAS hold time (CAS-before-RAS refresh) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS precharge to CAS hold time 


tRPC 


10 


- 


10 


- 


10 


- 


ns 




Nibble Mode Cycle 


Parameter 


Symbol 


HM511001A-8 
Min Max 


HM511001A-10 HM511001A-12 
Min Max Min Max 


Unit 


Note 


Nibble mode access time 


tNAC 


- 


25 


- 


25 


- 


30 


ns 




Nibble mode cycle time 


tNC 


45 


- 


45 


- 


50 


- 


ns 




Nibble mode CAS precharge time 


tNCP 


10 


- 


10 


- 


10 


- 


ns 




Nibble mode CAS pulse width 


tNCA 


25 


- 


25 


- 


30 


- 


ns 




Nibble mode RAS hold time 


tNRSH 


25 


- 


25 


- 


30 


- 


ns 




Nibble Mode Read-Modify-Write Cycle 


Parameter 


Symbol - 


HM511001A-8 
Min Max 


HM511001A-10 HM511001A-12 
Min Max Min Max 


Unit 


Note 


Nibble mode read-modify-write cycle time 


tNRWC 


65 


- 


65 


- 


75 


- 


ns 




Nibble mode write command CAS lead time 


tNCWL 


20 


_ 


20 


_ 


25 


_ 


ns 




Nibble mode CAS to WE delay time 


tNCWD 


20 


- 


20 


- 


25 


- 


ns 






Notes) 

* 1. AC measurements assume tj = 5ns. 

Assumes that ^/?CZ) — ^RCD (i^iax) and tji/j[£) S 
tRAD (max). If tjiCD or ^/L4D is greater than the 
maximum recommended value shown in this table, 
tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

Assumes that tj^CD = tRCD (max) and tpj^D ^ 
tRAD (max). 

tQPF (max) is defined as the time at which the output 
achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 
Transition times are measured between Vjfj and F//^. 
Operation with the tj^CD (max) limit insures that 
tRAC (max) can be met, tj^CD (max) is specified as a 
reference point only, if ^/^Q) ^^ greater than the 
specified ^^rQ) (max) limit, then access time is 
controlled exclusively by tCAC- 

^WCS ^"^ ^CWD ^^^ "ot restrictive operating para- 
meters. They are included in the data sheet as elec- 
trical characteristics only: if ti\;cs ^ WCS (min), the 



*2 



*4, 



*6. 

*7. 



*10. 



cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tj^/j) ^ tR^j) (min), tcWD ^ tcwD 
(min) and tj^\^£) ^ t^WD (min), the cycle is a read- 
write and the data output will contain data read from 
the selected cell; if neither of the above sets of con- 
ditions is satisfied, the condition of the data out (at 

access time) is indeterminate. 

These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 
An initial pause of lOOjus is required after power-up 
followed by eight initializatio n cyc les (any com- 
bination of cycles containing RAS clock such as 
RAS-only refres h). If intern al ref resh counter is used, 
eight or more CAS-before-RAS refresh cycles are 
required, 

If ^RAD is greater than the specified tj^j) (max) 
limit, then access time is controlled exclusively by 
tAA- 
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HM511001A Series - 



Timing Waveforms 
Read Cycle 



Early Write Cycle 



RA5 



CAS 



^: 



^ASR 

Address ^/X\ Row 



■K 



;^i 



tpSH 



tcAH 



WE 7 



Dout 



1/^=^^^^\ 



y 



\ ^//////////////, 



< 



mnzzL 



Valid 
Output 



K///I : Don't care 



\ 



>: 



tRAH IaSC 



2GD©C 



\^=^ 



WE 7 



'////////A . 



P//////////////A 



tpS^ tpH 



/////////////////, 



7777777hC^r-Vi/////////////////, 



High-Z*2 



Notes: 1. Y/A '• Don't care 
2. /iircs^*ii'cs(inin) 
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-HM511001A Series 



Delayed Write Cycle 



^E 



Ne 



ASK ' KAH I ASC 




'A 



\ 



W////////////////7777/. 



WE 7 



"f S r^H/////////////// 



^ '////////////h ^'J^., ^///////////////, 



Read-Modify-Write Cycle 



RAS 




CAS- 



Address " 



t 



UaH tASC 



7, 



Ti<:^.^':^ m///////////////////. 



Dm 77 



Dout . 



'-dnmiMM 



mmmm^ymmiiiiiM 



<; 



Valid 
Output 



> 



V/A ' Don't care 
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HM511001A Series - 



RAS-Only Refresh Cycle 



^; 



W 



V- 



W/////// 



'm 



"-■^■c^^^y mw, 



High-Z 



Notes 1 yy/A - Don't care 

2 Refresh address A0-A8(AX0-AX8) 



CAS-Before-RAS Refresh Cycle 






WR 



,^ 



////////////////////////////// 



Nibble Mode Read Cycle 



CAS 



RAS / N^ 



tpAD^A 



\t 



. ^NCP ^% / "^^ 



;>^ 



tfiCH f- J 



^' Valid ^s^^ /'■ Valid ^C 7^ Valid ^^^ 

\ _ Output /" \ Output / \ Output ? 



7y 

lOFF 



; Don't care 
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-HM511001A Series 



Nibble Mode Write Cycle 



/x^ **"* X ^°'"'"" 



ZZZZZi. 



^ "^^ / -c> % /] ^<; / 



n/7A . 



./zs: 



zzzz>c^kzz>c^kx::=:kzzzzzz 



^^ 



High-Z*2 



Notes. 1 |y///1 . Don't care 

2 Jivcs^ '»'cs( min) 



Nibble Mode Read-Modify-Write Cycle 



RAS 



CA^ 



WE 



Din 



Dout 




Z9^l5L^ 





-Valid ^-J7\/ Valid VTTV Valid V/// 
: '"""* 7 V/A '"""' A/A '"^"' A// 



7^alid \ T TValid \ / valid \ / valid \ 

;i outputy V Output y \^ output/ y output/ 



|^//| ! Don't care 
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HM511001A Series - 



SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE 



SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 



1.^ 
1.2 
1.1 
1.0 
0.9 
0.8 
n 7 
















^ 








^ 


^^ 

























4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



1 J 
1.2 


















1 










0.9 
08 

07 



























20 40 60 

Ambient Temperature Ta ("O 



SUPPLY CURRENT (ACTIVE) vs. FREQUENCY 



u.u 
5.0 

1.0 
0.5 

n 1 














/ 






/ 















0.1 



0.5 1.0 

Frequency /(MHz) 



SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE 



1 3 



CMOS in 


erface 




y 








/ 






/ 






/ 






/ 


/^ 






y^ 









'4 50 4 75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE SUPPLY CURRENT (STANDBY) vs. AMBIENT TEMPERATURE 

1.6 

1.4 



S 1.2 



1 



0.8 



0.4 



TTL inter 


ace 




/ 






/ 


/ 






/ 












-^ 

















4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



5.50 




20 40 60 80 

Ambient Temperature Ta (°C) 
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-HM511001A Series 



RAS ACCESS TIME vs. SUPPLY VOLTAGE 



RAS ACCESS TIME vs. AMBIENT TEMPERATURE 





13 












1.2 










^ 










i 


1.1 










2 












10 


" ^-- 








H 








■— .^^ 


< 


0.9 


















^ 


0.8 










Qi 











'4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



09 



^ 0.1 



20 40 60 80 

Ambient Temperature Ta (°C) 



CAS ACCESS TIME vs. SUPPLY VOLTAGE 



CAS ACCESS TIME vs. AMBIENT TEMPERATURE 



I.J 

1 '•' 

5 1.1 

1 1.0 

§ 0.9 

< 

f^ 0.8 
n 7 










\^ 








\ 

































"4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 





20 40 60 80 

Ambient Temperature Ta (°C) 
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HM571000JP-35R/40/45 

1,048,576-Word x 1 -Bit (Bi CMOS) Memory 

■ DESCRIPTION 

The Hitachi HM571000 is a super high speed dynamic RAM orga- 
nized 1,048,576-word x 1-bit. Hl\/I571000 has realized higher den- 
sity, higher performance and various functions by employing 1.3 /xm 
BI-CMOS technology and some new Bi-CMOS circuit design tech- 
nologies. The HM571000 offers 8 bits static column mode as a high 
speed access mode. 

■ FEATURES 

• Single 5V (± 10%) for HM571000JP-40/45 

5V (±5%) for HM571000JP-35R 

• High Speed 

Access Time 

• 512 Refresh Cycles 

• 2 Variations of Refresh 

CE Refresh 
Automatic Refresh 

• 2 Bits Static Column Mode 



.35/40/45ns (max.) 
(4 ms) 



■ ORDERING INFORMATION 






Part No. 


Access 


Package 


HM571000JP-35R 

HM571000JP-40 

HM571000JP-45 


35ns 
40ns 
45ns 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 




■ PIN ARRANGEMENT 


HM571000JP-35R/40/45 


A13E 


1 


28 


H Vcc 


A12C 


2 


27 


U Al4 


A11 c 


3 


26 


DAi5 


A10L 


4 


25 


I]A16 


A9C 


5 


24 


DA8 


A3E 


6 


23 


DA7 


A2C 


7 


22 


DAB 


AlC 


8 


21 


DA5 


AoC 


9 


20 


I]A4 


RFC 


10 


19 


U A17 


CE^ 


11 


18 


D A18 


oeH 


12 


17 


D A19 


weC 


13 


16 


UDm 


VssC 


14 


15 


Zl Dout 




(Top View) 






PIN DESCRIPTION 



Pin Name 


Function 


Ao-Ag 


Address Input for 
CE Refresh 


A9-A16 


Address Input 


A17-A19 


Address Input for 
Static Column Mode 


CE 


Chip Enable 


OE 


Output Enable 


WE 


Read/Write Enable 


Dm 


Data-in 


Dout 


Data-Out 


RF 


Refresh Control 


Vcc 


Power ( + 5V) 


Vss 


Ground 
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HM571000JP-35R/40/45 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


los 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


^opr 


to +70 


°C 


Storage Temperature 


Tstg 


-55 to + 125 


°c 



• Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


HM571000JP-35R 


Vcc 


4.75 


5.0 


5.25 


V 


1 


HM571000JP-40/45 


4.50 


5.50 


Input High Voltage 


VlH 


2.4 


— 


6.5 


V 


1,3 


Input Low Voltage 


ViL 


-1.0 




0.8 


V 


1,2 



NOTE: 1. All voltage referenced to Vss- 

2. The device will withstand undershoots to the -2V level with a maximum pulse width of 20ns at the -1.5V level. 
(See Figure 1.) 

3. The ViH level of OE shall be lower than Vcc + 0.5V. 



VlH- 



V 



f 



-1.0V 



-1.5V 



-2.0V 



— 20ns (max) 
Figure 1. Underslioot of Input Voltage 



DC CHARACTERISTICS (T^ = to +70°C, Vss = OV, Vcc = 5V ± 10% for HM571000JP-40/45, 

Vcc = 5V dz 5% for HM571000JP-35R) 



Parameter 


Symbol 


Test Conditions 


HM571000-35R 


HM571000-40 


HM571000-45 


Unit 


Note 


Mm. 


Max. 


Mm. Max. 


Mm. 


Max. 


Normal Operating Current 


ICCA 




See Figure 2 


mA 


1 


Refresh Current 


ICCR 




See Figure 2 


mA 


1 


Standby Current 


Ices 




— 


5 


- 


5 


— 


5 


mA 




Input Leakage Current 


Ili 


OV < V,n < 7V 


-10 


10 


-10 


10 


-10 


10 


fiK 




Output Leakage Current 


Ilo 


OV < Vout < 7V 
Dout = Disable 


-10 


10 


-10 


10 


-10 


10 


HA 




Output High Voltage 


VOH 


High lout = -4mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low lout = 8mA 





0.4 





0.4 





0.4 


V 





NOTES: 1. Ice depends on output loading condition when the device is selected, Ice max. is specified at the output open 
condition. 
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- - Room temp. 
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s 


% 




10 100 1000 
Tcycle (ns) 
Figure 2. Icca» Iccr vs. Tcyde 



! CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10% for HM571000JP-40/45, Vcc 
for HM571000JP-35R) 



5V ± 53 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 




Address, Data-in 


Qnl 


— 


5 


pF 


1 


Input Capacitance 


Clock (CE, OE) 


Cin2 


— 


5 


pF 


1 




Clock (WE, RF) 


C,n3 


— 


7 


pF 


1 


Output Capacitance (Data-Out) 


Co 


— 


10 


pF 


1,2 



NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = ViH to disable Dout- 

■ AC CHARACTERISTICS (T^ = 0°C to -t-70°C, Vss = OV, Vcc = 5V ± 10% for HM571000JP-40/45, 
Vcc = 5V ± 5% for HM571000JP-35R) (0 

• Test Conditions 

• Input Pulse Levels: Vjh = 3.0V, Vil = OV 

• Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 3). 

• Output Timing Reference Levels: High = 2.4V, Low = 0.4V 




• Transition Time: tj = 3ns 

• Output Load: See Figure 4. 



tj=3ns 



tj=3ns 



480 



VIH=3.0V 



VIL=0V 



Ij^ 



DO 



5" 2.4V 
0.8V 



255 



Figure 3. Input Pulse 



50pf* 
(5pfMortHz.tHz.tHZ'*Hz) 

T/T * Inclkuding scope & jig 



Figure 4. Output Load 



♦Including scope and jig. 
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• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 












Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM571000-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read/Write Cycle Time 


tec 


70 


— 


80 


— 


85 


— 


ns 




CE Pulse Width 


tCE 


35 


5000 


40 


5000 


45 


5000 


ns 




CE Precharge Time 


tcp 


29 


— 


34 


— 


34 


— 


ns 




Address Setup Time 


tAS 





— 





— 





— 


ns 




Address Hold Time 


tAH 


5 


— 


5 


— 


5 


— 


ns 




Transition Time (Rise and Fall) 


tT 


1 


10 


1 


10 


1 


10 


ns 




Refresh Period 


tREF 


— 


4 


— 


4 


— 


4 


ms 




• Read Cycle 


Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM571000-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From CE 


Ucs 


— 


35 


— 


40 


— 


45 


ns 




Address Access Time 


tAA 


— 


25 


— 


30 


— 


30 


ns 




Access Time From. OE 


tOAC 


— 


20 


— 


25 


— 


25 


ns 




Setup Time on Read 


tRS 










— 





— 


ns 




Hold Time on Read 


tRH 


5 


— 


5 


— 


5 


— 


ns 




OE Setup Time 


toES 


5 


— 


5 


— 


5 


— 


ns 




OE Enable to Output in Low Z 


tLZ 





— 





— 





— 


ns 




OE Disable to Output in High Z 


tHZ 


— 


15 


— 


20 


— 


20 


ns 




Output Hold Time From Address 


UOH 


3 


— 


3 


— 


3 


- 


ns 




Output Hold Time From CE 


tcOH 





— 





— 





— 


ns 




CE to OE Precharge Time 


tcop 


10 


— 


10 


— 


10 


— 


ns 




• Write Cycle 


Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM571000-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Data Setup Time 


tow 


20 


— 


25 


— 


30 


— 


ns 




Data Hold Time 


toH 


5 


— 


5 


— 


5 


- 


ns 




Setup Time on Early Write 


tES 


5 


— 


5 


— 


5 


- 


ns 




WE Pulse Width 


twp 


25 


— 


30 


— 


35 


— 


ns 




Write Hold Time From CE 


%H 


35 


— 


40 


— 


45 


- 


ns 




WE Enable to Output in High Z 


twz 


— 


15 


— 


20 


— 


20 


ns 




• Read-Modify-Write Cycle 


Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM571000-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


WE Delay Time From CE 


k:wD 


35 


— 


40 


— 


45 


— 


ns 
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Refresh Cycle 



Parameter 


Symbol 


HM571000-35R 


HM574100-40 


HM574100-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


RF Setup Time 


tps 


5 


— 


5 


— 


5 


— 


ns 




RF Hold Time 


tPH 


15 


— 


15 


— 


15 


— 


ns 




Mode Selection Setup Time 


tMS 





— 





— 





— 


ns 




Mode Selection Hold Time 


tMH 


15 


— 


20 


— 


20 


— 


ns 




Setup Time on CE Refresh 


tCRS 


15 


— 


20 


— 


20 


— 


ns 




• Static Column Mode Cycle 


Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM571000-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Static Column Address Setup Time 


Usz 


20 


— 


25 


— 


25 


— 


ns 




Address Setup Time to WE 


tws 





— 





— 





— 


ns 




Address Hold Time From WE 


tWR 





— 





— 





— 


ns 





NOTES: 



1. If toES > toES (min.) and OE is held low level, Dout will be valid until the next negative transition of CE. 

2. Both twH and twp must be satisfied for a delayed write cycle. 

3. If tcop < tcop (min.), the condition of Dout cannot be guaranteed to be in high impedance. 

4. If the negative transition of OE occurs before that of CE, Ilz is controlled by CE. 

5. twp and tow are specified by the positive transition of CE or WE which occurs earlier. 

6. When WE goes low, Dout becomes in high impedance and is held in this condition to the next cycle. If the negative 
transition of WE occurs before that of CE, Dout is controlled by CE. twz defines the time at which the output 
achieves the open circuit condition. 

7. If tES > tES (min.), the cycle is early write and Dout is in high impedance. 

8. In static column mode cycles, read operation cannot be performed after write operation. 

9. Both tAH and twR must be satisfied for a write cycle. 

10. tHZ, defines the time at which the output achieves the open circuit condition, 

1 1. An initial pause of 100 fis is required after power-up, then execute at least eight CE refresh cycles. 
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■ TIMING WAVEFORMS 
• Read/Read Cycle 



CE 



RF 



n; 



wi 



tps 
AO- XS)^y 



A16 

A17- 
A19 

WE 



OE 



Dout 



tAS- 



XffiX 



tec 



tCE 



:/ 



tFH 



tCP ^ 



n; 



II tps ^ 



.^_tAtL 



Tzm 



^RS^ 



^ tACS 



tpAC 



t 



, tpES *1 



tLZ 



tlZM ^ 



High-Z 



KXX 



XXX 



tCE 



;/ 



^■■ ^///////////////M 



Je-Vs 



JAH^ 



^KfflXX 



:^' 



tRH tRSj 

tcOP *3 



^ 



tHZ*10 



:^ 



^ tACS 



tpAC 



T 



^toES* 



tlZM 



tLZ M , 



High-Z 



EX 



XMXX 



tRH 



tCOP *3 



J^ 



^ ^ 



tHZ*10 



3 



High-Z 



* Din: Don't care 



: Don't care 
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Read/Early Write Cycle 



CE 



n: 



R-F ^ 






AO- 
A16 

A17- 
A19 



tAS- 



fflX 



tec 



tCE 



,^^~^I^\ 



..■ ^/////////////^ 



.^_tAH, 



WE vm 



OE 



-* ^-^^ 



^ tpAC 



T 



^toES*1 



KEX 



tps 

KXX 



tec 



tcE 



/. 



tFH 



tcp 




^ 



.^AS 



tAH*9 



^KSffiS 






tWH 



/'! 



A 



Din W/////////////////////////////)i W777777/, 



, tlZM 



Dout 



High-Z 



tLZ*4 



<xx: 



r*^tHZ*10 

>■ 



tDW*5 



^tDW*5^ 



tWR*9 



i^m 



tOH 




tLZM 



High-Z 



KX 



^,»„, 
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• Read/Delayed Write Cycle 



CE 



RF 



AO- 
A16 

A17- 
A19 



^< 



wi 



tps 



tAS- 



tcc 



tCE 



/ 



tcp 



>. 



Ji ^///m/////x 



tps 

XXX 



,_tAH* 



WE vm 



OE 



Din 



Dout 



z 



^ tACS ^ 



•C 



^ ^OAC ^ 



^toES*1 



:<M 



tec 



tCE 



tFH 



/, 



tcp 




>AS 



^S 



tAH*9 

< — ^ 



]><SSS 



twp*5 



. ^ twP*5^ . 



,^ tWH*2 



/' 



W////////////////////////////// A W777777-/. 



tlZM 



High-Z 



tLZ*4 



<xx: 



tDW*5 



tWR*9 



^tDW*5j ^ 



:<fflXE 



tohU-^- 



1 



tHZ*10 



tLZ*4 



High-Z 



kx 



\////a : Don't c 
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• Read/Read Cycle (OE = V||J 



CE 



\; 



RF ^ 



tps 



AO- 
A16 

A17- 
A19 

WE 



tAS-»- 



xsx 



tec 



tcE 



/. ^CP .""^^ 



tPH 




^ 



tps 

XXX 



« 'AH, 



m^ 



tRSj 



OE ^ 
Dout 



tACS 



^ ^LZM ^ 



High-Z 



ox 



KEX 



tcE 



y 



\^ y///////////////m 
H<mm 



IJas^ 



-H. 



^RH tRS 



tACS ^ 



tC0H*1 



XXX 



XXfflX 



tRH 



:^ 




* Din: Don't care 



: Don't care 
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• Read/Early Write Cycle (OE = V|l) 



CE 



RF 

AO- 
A16 

A17- 
A19 

WE 



n; 



tps 



tec 



tCE 



y* '0" s 



.. W////////M 



tec 



tCE 



/. 



tcp ^ 



■^//////////4i.p 



tAS- 



tps 

XXX 



tAH ■ 



OE 



w 



V|L 



>AS 



tACS 



KXX 

tES*7 



;Kffls 



j^^ 



i: 



^ ^WH ^ 



tDW*5 



^tDW*5. 



tWR*9 



;kMS 



tOH 



Din v//////////////////////////////)i WTT/m, 



tlZM 



Dout 



High-Z 



Kxx: 



tcOH*1 



tLZ*4 



'm 



* *WZ-6 , 



High-Z 



kx 



.^, 



Don't care 
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Read/Delayed Write Cycle (OE = V|l) 



CE 



RF 



M- " '^~^^r^ s: 



wi 



tps 
AO- XXS^y 



A16 

A17- 
A19 



tAS-*- 



XM 



tec 



tFH 




C' 



tps 

XXX 



-«-?AtL 



tRS 

WE vm 

— ViL 

OE 



Din 



Dout 



Z 



KM 



tec 



tcE 



tFH 



?: 



tcp 



|<^/^///^^^^^^ 



n 



'AS 



:<ffiffi 



tACS 



tWP*5 



,^twP*5^, ^ 



tWH*2 



W//////////////////////////////A ^??^?^ 



tlZM 



High-Z 



®<: 



tDW*5 

-« *" 



JdW*5 



tWR*9 



:<SM 



tpH 



tC0H*1 




tLZ*4 



J©< 



twZ*6 



High-Z 



kx 



^, 



Dont care 
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Read-Modify-Write Cycle 



CE 



RF 



AO- 
A16 



A17- 
A19 



\ 






tAS^ 



/f ^ 'CP > V 



ZSmZMMM/W. 



tAH*9 



- 7ZZA 



WE 



tRS, 



OE 



Din 



Dout 



\ 



tcWD 



>: 



^__tACS 



tpAC ^ 



fflK 



tLZM 

High-Z 



s 



tWP*5 



tWP*5 



jDWl! 
tDW*5 



/ 



tFS 

KKX 



:kex 



:;;s^^ 



;/ 



tAS 



tWR*9 



WTMMZMMMMMZi 



mmmm . 



tLZ*4 



<fflX^ 



H 



twZ*6 



tHZ*10 



U^ tDH 



High-Z 



.^. 



Don't care 
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• Automatic Refresh Cycle 



CE 



RF 

AO- 
A19 



^: 



tFS 



tec 



tFH 



tCE 



J. 



tcp 



: ^\\\\\\\\\\\\\\\\^ r 



tFS 



:\ 



tCE 



tFH 



—X — 



mmmmmmmmmmmtwrm 



wi y/^ \ w////////////////) { \ \ .^y /TTW. 

tMS tMS 



(A 



Dout 



High-Z 



3E. Din : 
--X/ZZZA : Don't 



Don't care 
OE, Din : Don't care 



care 
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• Cl Refresh 



CE 



RF 



1^ tcE ., 

? 



m 



tAS- 



tec 



tFH 



tcp 



> 






* '^" > l tAS^ 



tCE 



:tt 



tFH 

-< ► 



kM^ 



;<fflm 



"lis xmxxyxyyyxyyyyxxxxxffixxxxxxxxmxfflxyyyyyxxyxxy) 



tRS- 



WE 7/ 



OE 



Dout 



^' 



tCRS 



tHZ*10 



tRH 



tRS- 



tcop 

-< > 



'^^ 



W^ 



tCRS 



High-Z 



tRH 



tcop 



\ 



WM 



*Din 



: Don't care 



**\////A : Don't c 



<0^ HITACHI 

798 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM571000JP-35R/40/45 



• Static Column Mode Read Cycle 



CE 



\ 



RP W 

tpsh* 



A16 XXX/^L 



A17- 
A19 

WE 



^. ^^ .\ 



^ m////////////////////////////////////-// 

tpH _ _ tASZ 



OE 



Dout 





* Din: Don't care 



: Don't care 
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• Static Column Mode Read Cycle (OE = VnJ 



CE 



\ 



RF W 



tFS 



A16 XXX/^i 



tAS- 



A17- 
A19 



^. '-- ^ 



^ m/////////////////////////////////m 



WE m^ 

tRS_ 

OE "^^=— 



:< 



-* ^Acs ^ 



tLZ*4 



Dout 



High-Z 



KXX 



tAOH- 



tAA 



XXX 



tAH 



YWmm 



^■ ^//////m 



tC0H*1 



* Din: Don't care 



: Don't care 
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• Static Column Mode Write Cycle (1st Cycle = Early Write Cycle) (8) 



CE 



\ 



RF W 

tFsU 



A16 



A17- 
A19 



tAS-*- 



J 



."". 



^ m/////////////////////////////////////, 



WE 



tES*7 



"^: 



OE 



tWR 



tWH 



y^^t^/ 



tow 



X 



tAH*9 
-^ — ^ 



Ymmm 



tws 



tWP*5 



tDW*5 



\ <mmm 



tWR*9 



tDH 



/ :v///////////////////////////////////////////M^^^^ 



tDH-*- 



- wmmim , wul 



tDW*5 



Z 



twZ*6 



ymmm 




Dout 



mmzm- 



tHZ*10 



High-Z 



////A : Don't c 
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Static Column Mode Write Cycle (1st Cycle = Delayed Write Cycle) (8) 



CE 



\ 



tpSHH 



AO- 
A16 



A17- 
A19 



WE 



tAS- 



f 



tpH 



' m////////////M/////////////////m 



OE 



twH*2 



twR 



^. 



twp 



^_tDW_^ 



X 



tAH*9 

-€ — *- 



Ymwm 



tyvs 
-< — H 



y^^twP^^r 



tWP*5 



tDW*5h 



^KffismxE 



tWR*9 



tOH 



/ ///////////////////////////////////////////77777/W^ 



D,n mmmmy '- k™ 



tDH~^ 



tDW*5 



Z 



;KHifflffl 



^ twz*6 



^"t w////////m - 



tHZ*10 



twZ*6 



High-Z 



* \////A : Don't 
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HM574256JP-35R/40/45-Preliminary 

262,144-Word x 4-Bit (Bi CMOS) 

■ DESCRIPTION 

The Hitachi HM574256 is a super high speed dynamic RAM orga- 
nized 262,144-word x 4-bit. HM574256 has realized higher density, 
higher performance and various functions by employing 1.3^m Bi- 
CMOS technology and some new Bi-CMOS circuit design technolo- 
gies. The HM574256 offers 2 bit static column mode as a high speed 
access mode. 

■ FEATURES 

• Single 5V (±10%) for HM574256JP-40/45 

5V (±5%) for HM574256JP-35R 

• High Speed 

Access Time 35/40/45ns (max.) 

• 512 Refresh Cycles (4 ms) 

• 2 Variations of Refresh 

CE Refresh 
Automatic Refresh 

• 2 Bits Static Column Mode 



■ ORDERING INFORMATION 






Part No. 


Access 


Package 


HM574256JP-35R 

HM574256JP-40 

HM574256JP-45 


35ns 
40ns 
45ns 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 




■ PIN ARRANGEMENT 


HM574256JP-35R/40/45 


A13C 


1 


28 


U vcc 


A12E 


2 


27 


H Ai4 


A11 c 


3 


26 


H A15 


A10C 


4 


25 


U A16 


A9E 


5 


24 


DA8 


A3E 


6 


23 


DA7 


A2C 


7 


22 


I]A6 


AlE 


8 


21 


HAS 


AoC 


9 


20 


3M 


RFC 


10 


19 


U Ai7 


CEE 


11 


18 


111/04 


OEE 


12 


17 


I]l/03 


WE \Z 


13 


16 


III/O2 


VssC 


14 


15 


Ui/d 




(Top View) 






PIN DESCRIPTION 



Pin Name 


Function 


Ao-Ag 


Address Input for 
CE Refresh 


A9-A,6 


Address Input 


Al7 


Address Input for 
Static Column Mode 


CE 


Chip Enable 


OE 


Output Enable 


WE 


Read/Write Enable 


I/O1-I/O4 


Data-In/Data-Out 


RF 


Refresh Control 


Vcc 


Power (+5V) 


Vss 


Ground 
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HM574256JP-35R/40/45 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


los 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


Tst, 


-55 to +125 


°c 



• Recommended DC Operating Conditions (T^ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


HM574256JP-35R 


Vcc 


4.75 


5.0 


5.25 


V 


1 


HM574256JP-40/45 


4.50 


5.50 


Input High Voltage 


VlH 


2.4 


— 


6.5 


V 


1,3 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1,2 



NOTE: 1 . All voltage referenced to Vss- 

2. The device will withstand undershoots to the -2V level with a maximum pulse width of 20ns at the -1.5V level. 
(See Figure 1.) 

3. The ViH level of Ol shall be lower than Vcc + 0.5V. 



VIH- 



-1.0V 



-1.5V 



• -2.0V 



20ns (max) 



Figure 1. Undershoot of input Voltage 



DC CHARACTERISTICS (T^ = to +70°C, Vss = OV, Vcc = 5V ± 10% for HM574256JP-40/45, 
Vcc = 5V ± 5% for HM574256JP-35R) 



Parameter 


Symbol 


Test Conditions 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Normal Operating Current 


ICCA 




- 


TBD 


- 


TBD 


- 


TBD 


mA 


1 


Refresh Current 


IccR 




— 


TBD 


— 


TBD 


— 


TBD 


mA 


1 


Standby Current 


Ices 




— 


5 


- 


5 


- 


5 


mA 




Input Leakage Current 


Ili 


OV < V.n < 7V 


-10 


10 


-10 


10 


-10 


10 


/iA 




Output Leakage Current 


Ilo 


OV < Vout :S 7V 
Dout = Disable 


-10 


10 


-10 


10 


-10 


10 


fiA 




Output High Voltage 


VOH 


High lout = -4mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low lout = 8mA 





0.4 





0.4 





0.4 


V 





NOTES: 1 . Ice depends on output loading condition when the device is selected, Ice niax. is specified at the output open 
condition. 
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HM574256JP-35R/40/45 



CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) for HM574256JP-40/45, Vcc ■ 
for HM574256JP-35R) 



5V ± 5% 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 




Address, Data-in 


Cinl 


— 


5 


pF 


1 


Input Capacitance 


Clock (CE, OE) 


C,n2 


— 


5 


pF 


1 




Clock (WE, RF) 


C,n3 


— 


7 


pF 


1 


Output Capacitance (Data-In/Data-Out) 


Ci/0 


— 


10 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = ViH to disable Dout- 

■ AC CHARACTERISTICS (Ta = 0°C to +70°C, Vss = OV, Vcc = 5V ± 10% for HM574256JP-40/45, 

Vcc = 5V ± 5% for HM574256JP-35R) (i) 



Test Conditions 

• Input Pulse Levels: W^ = 3.0V, Vjl = OV 

• Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 2). 

• Output Timing Reference Levels: High = 2.4V, Low = 0.4V 



• Transition Time: tj = 3ns 

• Output Load: See Figure 3. 



VIH=3.0V 


h 


=3ns t 


j=3ns 


C 

< 

-< 
< 

DO 

o 


) 

480 

>■ 
>■ 
> 




\/ii nw 


\ 


f 
T2.4V 
= 0.8V 


255 <i 

< 
< 


r T/T * Inclkuding scope & jig 
Figure 3. Output Load 


t J 


Vll_— uv - - 


Figi 


ire 2. Input Pi 


ilse 




*Including scope and jig. 



• Read, Write, Read-IVIodify- Write and Refresh Cycles (Common Parameters) 








Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read/Write Cycle Time 


tec 


70 


— 


80 


— 


85 


— 


ns 




CE Pulse Width 


tCE 


35 


5000 


40 


5000 


45 


5000 


ns 




CE Precharge Time 


tcp 


29 


— 


34 


— 


34 


— 


ns 




Address Setup Time 


tAS 





— 





— 





— 


ns 




Address Hold Time 


tAH 


5 


— 


5 


— 


5 


— 


ns 




Transitioi/Time (Rise and Fall) 


tx 


1 


10 


1 


10 


1 


— 


ns 




Refresh Period 


tREF 


— 


4 


— 


4 


— 


4 


ms 
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HM574256JP-35R/40/45 
• Read Cycle 



PSarameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From CE 


tACS 


— 


35 


— 


40 


— 


45 


ns 




Address Access Time 


tAA 


— 


25 


— 


30 


— 


30 


ns 




Access Time From OE 


tOAC 


— 


20 


— 


25 


— 


25 


ns 




Setup Time on Read 


tRS 





— 





— 





— 


ns 




Hold Time on Read 


tRH 


5 


— 


5 


— 


5 


— 


ns 




OE Setup Time 


tOES 


5 


— 


5 


— 


5 


— 


ns 




OE Enable to Output in Low Z 


tLZ 





— 





— 





— 


ns 




OE Disable to Output in High Z 


tHZ 


— 


15 


— 


20 


— 


20 


ns 




Output Hold Time From Address 


UOH 


3 


— 


3 


— 


3 


— 


ns 




Output Hold Time From CE 


tcOH 





— 





_ 





— 


ns 




CE to OE Precharge Time 


tcop 


10 


— 


10 


— 


10 


— 


ns 




• Write Cycle 


Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Data Setup Time 


tow 


20 


— 


25 


— 


30 


— 


ns 




Data Hold Time 


tOH 


5 


— 


5 


— 


5 


— 


ns 




Setup Time on Early Write 


tES 


5 


— 


5 


— 


5 


— 


ns 




WE Pulse Width 


twp 


25 


— 


30 


— 


35 


— 


ns 




Write Hold Time From CE 


tWH 


35 


— 


40 


— 


45 


— 


ns 




WE Enable to Output in High Z 


twz 


— 


15 


— 


20 


— 


20 


ns 




OE to Din Delay Time 


k)DD 


15 


— 


20 


— 


20 


— 


ns 




OE Hold Time From WE 


k)EH 


15 


— 


20 


— 


20 


— 


ns 




CE Setup Time From Djn 


bzc 





— 





— 





— 


ns 




• Read-Modify-Wrlte Cycle 


Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


WE Delay Time From CE 


k:wD 


35 


— 


40 


— 


45 


— 


ns 




• Refresh Cycle 


Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


RF Setup Time 


tps 


5 


— 


5 


_ 


5 


— 


ns 




RF Hold Time 


tpH 


15 


— 


15 


— 


15 


_ 


ns 




Mode Selection Setup Time 


tMS 





— 





— 





— 


ns 




Mode Selection Hold Time 


tMH 


15 


— 


20 


— 


20 


— 


ns 




Setup Time on CE Refresh 


tcRS 


15 


- 


20 


- 


20 


— 


ns 
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HM574256JP-35R/40/45 



• static Column Mode Cycle 




















Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Static Column Address Setup Time 


Usz 


20 


— 


25 


— 


25 


— 


ns 




Address Setup Time to WE 


^WS 





— 





— 





— 


ns 




Address Hold Time From WE 


tWR 





— 





— 





— 


ns 





NOTES: 1 . If toES > toES (min.) and OE is held low level, Dout will be valid until the next negative transition of CE. 

2. Both twH and twp must be satisfied for a delayed write cycle. 

3. If tcop < tcop (min.), the condition of Dout cannot be guaranteed to be in high impedance. 

4. If the negative transition of OE occurs before that of CE, ttz is controlled by CE. 

5. twp and tow are specified by the positive transition of CE or WE which occurs earlier. 

6. When WE goes low, Dout becomes in high impedance and is held in this condition to the next cycle. If the negative 
transition of WE occurs before that of CE, Dout is controlled by CE. twz defines the time at which the output 
achieves the open circuit condition. 

7. If tES > tES (min.), the cycle is early write and Dout is in high impedance. 

8. In static column mode cycles, read operation cannot be performed after write operation. 

9. Both tAH and twR must be satisfied for a write cycle. 

10. tHz, defines the time at which the output achieves the open circuit condition. 

11. An initial pause of 1(X) /as is required after power-up, then execute at least eight CE refresh cycles. 

12. During I/O pins are in the output state, Data-in shall not be applied to I/O pins. So, in all write cycles (early write, 
delayed write and read-modify-write), OE must go to high level to disable the output buffer prior to applying data to 
the device. 



I TIMING WAVEFORMS 
Read/Read Cycle 



CE 



RF 

AO- 
A16 

A17 
WE 



OE 



Dout 





Don't care 



////A : Don't c 
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HM574256JP-35R/40/45 - 
• Read/Early Write Cycle 



CE 



RF 

AO- 
A16 

A17 



n; 



wi 



tec 



tCE 



J 



tcE , , , 



c 



tec 



tcp 



tFS 



tpH 

-^ — »• 



tAS->- 




tFH 



tFS 

XXX 




1 



< <AH^ . ^ 



WE ^ 

tRS 



OE 



^^5. 



Din 



Dout 



tACS 



tPAC 



^tpESM ^ 



, tlZM 



High-Z 



tLZ*4 



:<xx 



n 



'AS 






tES*7 



tRH 



Iv 



yT 



/. 



tWH 



tpEH 



tODD*12 



<Ex : ^ 



tHZ*10 



tDW*5 



^Kfflm 



tWR*9 



^tDW*5^ 



tLZM 



:^i 



tDHi-* ^ 



<s ^ ^ 



tozc 



tLZ*4 



High-Z 



kx 



* \////A : Don't c 
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HM574256JP-35R/40/45 



• Read/Delayed Write Cycle 



CE 



RF 



AO- 
A16 

A17 



WE 



OE 



n; 



wi 



tFS 



tAS- 



tcc 



tCE 



j\ ^OP >^. 



^ ^///////////// )L 



tFS 

KM 



.^_JAH_ 



tRS. 



vm- 



^ tACS 



X 



tpAC ^ 



,tCES*1 



KXX 



tec 



tcE 



Ji 



tcp 



-^^Mm^ 



4_^AS 



tAH*9 



\^m 



^wp*5 ^ 



^ twP*5^ 



^ twH*2 ^ 



y 






Dout 



High-Z 



i 



D,„ V///////////////////////////////A W777777/. 



tDW*5 



^tpw'S^ 



^KMSE 



tDH 



®< 



^ 



tHZ*10 



tLZM 




High-Z 



kx 



.^ 



Don't care 
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• Read/Read Cycle (OE = V,l) 



CE 

RF 

AO- 
A16 

A17 
WE 
OE 
Dout 



N. 



tps 



tAS- 



tec 



tCE 



tFH 



/ 



tcp 



:v 




'/A 



tFS 

KEX 



tAH . 



TM 



tR§^ 



Jk. 



^ tACS 



tlZM 



High-Z 



KXX 



KXX 



- !»s - 



/ 



^ <///////////////m 



Ft 



AS 



JAH^ 



^Kfflm 



:^' 



tRH tRS 



,^ tACS 



tCQH*1 



XXX 



xsmx 



tRH 



:^ 



Din: Don't care 



: Don't care 
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• Read-Modify-Write Cycle 



CE 



RF 



AO- 
A16 



A17 



\ 



ML 

tFS 



tAS. 



/. ^CP ,\ 



-^ m////////////-/} 7M 



tAH*9_^ 



- 7ZZA 

tRS^ 



WE 



OE 



Din 



^ tcWD 



:v 



tACS 



tOAC 



tWP*5 



tWP*5 



J 



^ tDW*5 



< ^DW*5 ^ 



tFS 

MX 



:km 



,iav 



^MZM 



JAS 



tWR*9 



' <\ l(////////////////////////////77777, 



mmmmmm : 



tLZ*4 



00. !»i <fflXO 



tLZM 



7 



U^ tDH 




twZ*6 



tHZ*10 



High-Z 



^ 



: Don't care 
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Automatic Refresh Cycle 



CE 



RF 



AO 



^: 



tps 



\ 



tec 



tCE 



y. 



tcp 



j^WWWWWWWWjT 



>C 



tCE 



Y 



. ■" ■ 



1^^^^^ 



mmmmmmmmmmtmtmm 



tMS ^Ms 



Dout 



High-Z 



OE.Din : 
////A : Don't 



Don't care 
OE, Din : Don't care 



care 



CE Refresh 



CE 



n: 



RF ?/tFs 



AO- 
A16 



A17 



WE 



OE 



Dout 



w. 



tAS-^ 



tec 



tCE 



:/ 



tFH 



tcp 



\ 




tFS 



< ^*" >l tAS-* 



;®: 



tCE 



H 



tFH 

■< >■ 



J*tu 



;<fflS 



xyymyxyyyyyyyyyyxyxyyyxmxxyxyyyxxxyxxmmro 



tRS- 



^ 



^' 



tCRS 



— % 

tcop . 



tRS- 



WW 




tCRS 



tRH 



tcop. 



^ 




sm 



tHZMO 



High-Z 



•Din 



: Don't care 
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• Static Column Mode Read Cycle 
CE — 



\ 



RF 



A16 XXX/^L 



i 



fa .v 



'< <///////////////////////////////////////// 



A17 



WE 



OE 



Dout 




* Din: Don't care 

: Don't care 



^ : 
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• Static Column Mode Read Cycle (OE = V||_) 
CE ~ 



\ 



RF 



w 



tFS 



A16 f\fvV\ 
Us -J 

"' fflX 



tFH 



ff. '-^ .^ 



V///////////////^^^^^ 



WE 



7m 



tRS_, 
V|L 

OE -^ — 



X 



tACS 



tLZM 



Dout 



High-Z 



KXX 



tAOH- 



tASZ 



Ua 



XM 



jn. 



ymmm 



KSSmxx 



^'• v//////////. 



tcOHM 



>2XX> 



* Din: Don't care 

*V///\ : Don't care 
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Static Column Mode Write Cycle (1st Cycle = Early Write Cycle) (8) 



CE 



RF 



\ 



w 



tFS 



"^ xs> 



A16 



tAS- 



A17 



tpH 



jB 



AL 



. I. 'AS^ .i| I 



WE -m 

OE -^^^ 



]< 



tACS 



tLZ'4 , 



-« > i 



Dout 



High-Z 



tAOH- 



tAA 

-< — >► 



KXX )kX>C 






-^' ^//////////. 



tC0H*1 



XXXE) 



* Din: Don't c 

"\////a : Don't c 



Static Column Mode Write Cycle (1st Cycle = Delayed Write Cycle) (8) 




CE 



tpsU 



AO- 
A16 



tAS 



J 



tpH 



w//////////////////m////////////M 



tWH'2 



tWR 



WE 



J 



OE 

Din - 

Dout ^ 



tOEH 



X^Z,'^&. 



*M^ 



X 



tAH*9 



K XX XXXX XX X 



tws 



tWP*5 
tDW5 



xx x x x x xx x x 



tWR*9 



tPH . 



'^ m///////////////////////////m 



tODDM2 



tDH- 



^ tpws ^ 



2 



totizi<zx>tzzzxfflmffl 



High-Z 



tHZMO 



^ :c 



01 
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HMSI 1002S Series 
HMSI 1 002A Series 



1048576-word x 1-bit CMOS Dynamic RAM 



The Hitachi HM511002S/A Series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM511002S/A has realized 
higher density, higher performance and various functions by 
employing 1.3 )um CMOS process technology and some new 
CMOS circuit design technologies. The HM511002S/A offers 
Static Column Mode as a high speed access mode. 

Multiplexed address input permits the HM511002S/A to be 
packaged in standard 18-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 

Features 

• High speed; Access time 80/1 00/1 20 ns (max) 

• Low power; 1 1 mW Standby, 385/330/2 7 5 mW Active 

• Single 5V supply (±10%) 

• Static column mode capability 

• 512 refresh cycles; (8 ms) 

• 2 variations of refresh; RAS only refresh 

CS-before-RAS refresh 



Pin Arrangement 

• HM5 11 002SP Series 
HM51 1002 AP Series 




• HM511002SJP Series 
HM511002AJP Series 



Hitachi Pin No. 



(Top View) 

• HM511002SZP Series 
HM51 1 002 AZP Series 





(Top View) 



HM511002SP Series 
HM5 1 1002 AP Series 



^ 



(DP-18C) 



HM511002SJP Series 
HM5 1 1002 AJP Series 



^ 



(CP-20D) 



HM511002SZP Series 
HM5 11 002 AZP Series 




(ZP-20) 



Pin Description 



Pin Name 


Function 


AO- A9 


Address input 


AO- A8 


Refresh address input 


Din 


Data input 


Dout 


Data output 


RAS 


Row address strobe 


CS 


Chip select 


WE 


Write enable 


vcc 


Power (+5V) 


vss 


Ground 


TF*1 


Test function 



Note) 

*1. TF pin can be connected with 
any line or unconnected pro- 
vided the voltage level of TF pin 
must be kept lower than Vqq + 
0.5V. 
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Ordering Information 



Type No. 



Access Time 



Package 



HM511002P-8S 

HM511002P-10S 

HM511002P-12S 



HM511002JP-8S 

HM511002JP-10S 

HM511002JP-12S 



HM511002ZP-8S 

HM511002ZP-10S 

HM511002ZP-12S 



80ns 
100ns 
120ns 



80ns 
100ns 
120ns 



80ns 
100ns 
120ns 



300 mil 18-pin 
Plastic DIP 



300 mil 20-pin 
Plastic SOJ 



400 mil 20-pin 
Plastic ZIP 



Type No. 



Access Time 



Package 



HM511002AP-8 

HM511002AP-10 

HM511002AP-12 



HM511002AJP-8 

HM511002AJP-10 

HM511002AJP-12 



HM511002AZP-8 

HM511002AZP-10 

HM511002AZP-12 



80ns 
100ns 
120ns 



80ns 
100ns 
120ns 



80ns 
100ns 
120ns 



300 mil 18-pin 
Plastic DIP 



300 mil 20-pin 
Plastic SOJ 



400 mil 20-pin 
Plastic ZIP 



Block Diagram 
HM511002S Series 



WS 



± 



Control 
Circuit 



T 



128k 
Memory 
Cell 
Array 



CS 



WE 



T5S 

Control 

Circuit 



Control 
Circuit 



{r> 



I/O 
Buffer 



-Dm 
-Dout 



128k 
Memory 
Cell 
Array 



1£ 



128k 
Memory 
Cell 
Array 



Word Driver 



Row Decoder 



128k 
Memory 
Cell 
Array 



2£ 



128k 
Memory 
Cell 
Array 



Row Decoder 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Row Decoder 



128k 
Memory 



Array 



TV 




Row Address Buffer 



Column Address Buffer 



u 



A0~A9 
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HM51 1002S/A Series - 
HM511002A Series 



_jL_ 



RAS Control 
Circuit 



CS 
J- 



CS Control 
Circuit 



WE 



WE Control 
Circuit 



^ •*- Din 

-p I/O Buffer 



Dout 



W^ 



256k 
Memory 
Cell 
Array 



7T 



256k 
Memory 
Cell 
Array 



256k 
Memory 
Cell 
Array 



7T 



256k 
Memory 
Cell 
Array 



Word Driver 



p^ Row Decoder 



Word Driver 



Word Driver 



Row Decoder 



Row Address Buffer 
7^«v 



A0~A9 



Word Driver 



Row Decoder 



Column Address Buffer 




Absolute Maximum Ratings 



Parameter 


Symbol 


Rating 


Unit 


Voltage on any pin relative to Vgs 


Vt 


-1.0 to +7.0 


V 


Supply voltage relative to V^S 


vcc 


-1.0 to +7.0 


V 


Short circuit output current 


hut 


50 


mA 


Power dissipation 


Pt 


1.0 


W 


Operating temperature 


'^opr 


to +70 


°c 


Storage temperature 


Tm 


-55 to +125 


''C 
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-HM511002S/A Series 



Recommended DC Operating Conditions (Ta = to +70° C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage 


ViH 


2.4 


- 


6.5 


V 


Input low voltage 


ViL 


-2.0 


- 


0.8 


V 



Note) All voltages referenced to V^S- 



DC Characteristics (Vcc = 5V ±10%, Vss = OV, Ta = Oto +70°C) 



Parameter 


Symbol 


HM5 11 002-8 S 
HM511002A-8 

Min Max 


HM511002-10S HM511002-12S 
HM511002A-10 HM511002A-12 

Min Max Min Max 


Unit Test condition 


Note 


Operating 
current 


^CCl 


70 


- 60 - 50 


. RAS, CS cycling, 
"'^ ^/?C = Min 


*1,*2 



Standby 
current 



JCC2 



mA 



RAS, CS = VjH 
Pout = High-Z 



TTL 

interface 







- 


1 


- 


1 


- 


1 




RAS, CS^Fcc-0.2V CMOS 
Dout = High-Z interface 




Refresh 
current 


^CC3 


- 


60 


- 


50 


- 


45 


mA 


RAS-only refresh, 
tRC = Min 


*2 


Standby 
current 


Jccs 


- 


5 


- 


5 


- 


5 


mA 


WK^-ViH,C^=ViL. 
Dout = enable 


*1 


Refresh 
current 


^cce 


- 


60 


- 


50 


- 


40 


mA 


CS-before-RAS refresh, 
tRC = Min. 




Static 

column ICC9 

mode current 


- 


60 


- 


50 


- 


40 


mA 


tSC ^ Min 


*3 


Input 
leakage 


In 


-10 


10 


-10 


10 


-10 


10 


mA 


VjN = to +7V 




Output 
leakage 


ILO 


-10 


10 


-10 


10 


-10 


10 


mA 


Fof/T = to +7V, 
Dout = disable 




Output 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


lout = -5mA 




levels 


Vol 





0.4 





0.4 





0.4 


V 


lout = 4.2mA 






Note) *1. Ice depends on output loading condition when the device is selected. Icc ^^^ is specified at the output open 

condition. 

*2. Address can be changed less than three times while RAS = Vj]^. 
*3. Address can be changed once or less while CS = Vnj. 



Capacitance (Vcc = 5V ± 10%, Ta = 25° 


C) 












Parameter 




Symbol 


Typ 


Max 


Unit 


Note 


Address, Data input 




Cii 


- 


5 


pF 


*1 






Cl2 


- 


7 


pF 


*1 


Output capacitance Data output 




Co 


- 


7 


pF 


*1,*2 



Notes) *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CS = ViH to disable Dout. 



AC Characteristics {Ta = to +70°C, Vcc = 5V ±10%, Vss = OV)*^ '*^^ 

Test Conditions 

• Input rise and fall times: 5ns • Output load: 2 TTL Gate + C/. (100pF) 

• Input timing reference levels: 0.8V, 2.4V (Including scope and jig) 
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HM511002S/A Series- 



Read, Write, Read-Modify-Write and Refresh Cycl 


les (Common Parameters) 










Parameter 


Symbol 


HM511002-8S 
HM511002A-8 

Min Max 


HM511002-10S HM511002-12S 
HM511002A-10 HM511002A-12 

Min Max Min Max 


Unit 


Note 


Random read or write cycle time 


tRC 


160 


- 


190 


- 


220 


- 


ns 




RAS precharge time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS pulse width 


(RAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CS pulse width 


(SP 


25 


10000 


30 


10000 


30 


10000 


ns 




Row address setup time 


USR 





- 





- 





- 


ns 




Row address hold time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column address setup time 


tASW 





- 





- 





- 


ns 




Column address hold time 


tAHW 


20 


- 


25 


- 


25 


- 


ns 




RAS to CS delay time 


tRCD 


22 


55 


25 


70 


25 


90 


ns 


*8 


RAS to column address delay time 


tRAD 


17 


40 


20 


50 


20 


65 


ns 


*9 


RAS hold time 


tRSL 


25 


- 


30 


- 


30 


- 


ns 




CS hold time 


tCSH 


80 


- 


100 


- 


120 


- 


ns 




CS to RAS precharge time 


tSRS 


10 


- 


10 


- 


10 


- 


ns 




Transition time (rise and fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


*7 


Refresh period 


tREF 


- 


8 


- 


8 


- 


8 


ms 




Read Cycle 


Parameter 


Symbol 


HM511002-8S 
HM511002A-8 

Min Max 


HM511002-10S HM511002-12S 
HM511002A-10 HM511002A-12 

Min Max Min Max 


Unit 


Note 


Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


*2,*3 


Access time from CS 


Ucs 


- 


25 


- 


30 


- 


30 


ns 


*3,*4 


Access time from address 


tAA 


- 


40 


- 


50 


- 


55 


ns 


*3,*5,*14 


Read command setup time 


tRCS 





- 





- 





- 


ns 




Read command hold time to CS 


tRCH 





- 





- 





- 


ns 




Read command hold time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column address to RAS lead time 


tRAL 


40 


- 


50 


- 


55 


- 


ns 




RAS to column address hold time 


tAHR 


15 


- 


15 


- 


15 


- 


ns 


*16 


Output hold time from address 


tAOH 


5 


- 


5 


- 


5 


- 


ns 




Output buffer turn-off time 


tOFF 


- 


20 


- 


25 


- 


30 


ns 


*6 


Column address hold time to RAS on read 


tAR 


80 


- 


100 


- 


120 


- 


ns 
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Write Cycle 



Parameter 


Symbol 


HM511002-8S 
HM511002A-8 

Min Max 


HM511002-10S HM511002-12S 
HM511002A-10 HM511002A-12 

Min Max Min Max 


Unit 


Note 


Write command setup time 


fwcs 





- 





- 





- 


ns 


*10 


Write command hold time 


tWCH 


20 


- 


25 


- 


25 


- 


ns 




Write command hold time to RAS 


^WCR 


75 


- 


95 


- 


115 


- 


ns 




Write command pulse width 


tWP 


15 


- 


15 


- 


20 


- 


ns 




Write command to RAS lead time 


tRWL 


25 


- 


25 


- 


30 


- 


ns 




Write command to CS lead time 


tCWL 


25 


- 


25 


- 


30 


- 


ns 




Data-in setup time 


tDS 





- 





- 





- 


ns 


*11 


Data-in hold time 


tDH 


20 


- 


25 


- 


25 


- 


ns 


*11 


Data-in hold time to RAS 


tDHR 


75 


- 


95 


- 


115 


- 


ns 




Column address hold time or RAS on write 


tAWR 


75 


- 


95 


- 


115 


- 


ns 




Read-Modify-Write Cycle 


Parameter 


Symbol 


HM511002-8S 
HM511002A-8 

Min Max 


HM511002-10S HM511002-12S 
HM511002A-10 HM51100A-12 

Min Max Min Max 


Unit 


Note 


Read-write cycle time 


tRWC 


190 


- 


220 


- 


255 


- 


ns 




RAS to WE delay time 


tRWD 


80 


- 


100 


- 


120 


- 


ns 


*10 


CS to We delay time 


tCWD 


25 


- 


30 


- 


30 


- 


ns 


*10 


Column address to WE delay time 


UWD 


40 


- 


50 


- 


55 


- 


ns 


*10 


Output hold time from WE 


tWOH 





- 





- 





- 


ns 




Refresh Cycle 


Parameter 


Symbol 


HM511002-8S 
HM511002A-8 

Min Max 


HM51102-10S HM511002-12S 
HM511002A-10 HM511002A-12 

Min Max Min Max 


Unit 


Note 


CS setup time (CS-before-RAS refresh) 


tCSR 


10 


- 


10 


- 


10 


- 


ns 




CS hold time (CS-before-RAS refresh) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS precharge to CS hold time 


tZRH 


10 


- 


10 


- 


10 


- 


ns 




SC Mode Cycle 


Parameter 


Symbol 


HM511002-8S 
HM511002A-8 

Min Max 


HM511002-10S HM511002-12S 
HM511002A-10 HM511002A-12 

Min Max Min Max 


Unit 


Note 


SC mode cycle time 


tsc 


45 


- 


55 


- 


60 


- 


ns 




SC mode RAS pulse width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


ns 




RAS to second WE delay time 


tRSWD 


90 


- 


110 


- 


135 


- 


ns 




SC mode CS precharge time 


tsi 


10 


- 


10 


- 


15 


- 


ns 




Write invalid time 


twi 


10 


- 


10 


- 


15 


- 


ns 
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HM511002S/A Series- 



SC Mode Read-Modify-Write and Mixed Cycle 


















Parameter 


Symbol 


HM511002-8S 
HM511002A-8 

Min Max 


HM511002-10S HM511002-12S 
HM511002A-10 HM511002A-12 

Min Max Min Max 


Unit 


Note 


SC mode cycle time on read-write 


tSRW 


90 


- 


105 


- 


120 


- 


ns 


*12 


Access time from previous WE 


tALW 


- 


85 


- 


100 


- 


115 


ns 


*3,*13 


Previous WE to column address delay time 


tLWAD 


25 


45 


25 


50 


30 


60 


ns 


*15 


Column address hold time to previous WE 


tAHLW 


85 


- 


100 


- 


115 


- 


ns 




Output enable time from WE 


fow 


- 


30 


- 


30 


- 


35 


ns 





Notes) 1. AC measurements assume tf = 5 ns, 

2. Assumes that ^/?CD — ^RCD (n^ax) and tji^j) S tRAD (niax). If tj^CD °^ ^RAD i^ greater than the maximum 
recommended value shown in this table, tji/^c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

4. Assumes that tRCD = tRCD (max), tji^j) S tR^D (max). 

5. Assumes that tj^CD = ^RCD (max) and tRAD = tRAD (max). 

6. tQff (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

7. Transition times are measured between Vjfj and F//,. 

8. Operation with the tRCD (max) limit insures that tji/ic (max) can be met, tjicD (max) is specified as a re- 
ference point only, if tRCD ^^ greater than the specified tRCD (max) lim.it, then access time is controlled ex- 
clusively by t^cS- 

9. Operation with the f/^jr) (max) limit insures that tji^c (max) can be met, tji/[D (max) is specified as a 
reference point only, if tji^j) is greater than the specified tji^j) (max) limit, then access time is controlled 
exclusively by tj^A- 

10. t}^cS> ^RWD> ^CWD ^^^ ^AWD ^^® ^'^^ restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if ^h/GS = ^WCS (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tjm/D ^ tRu/j) (min), tcWD = ^CWD 
(min) and t^WD = ^AWD (min), the cycle is a read-write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

11. These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed 
write or read-mod if y-write cycles. 

12. tsRW (min) = t^ WD (min) + ti wad (max) + tj. 

13. Assumes that tj^wAD = ^LWAD (max). If tm/AD is greater than the maximum recommended value shown in 
this table, tAL W exceeds the value shown. 

14. Assumes that t^wAD = ^LWAD (max). 

15. Operation with the t^wAD (max) limit insures that tALW (max) can be met, tj^wAD (max) is specified as a 
reference point only; if tj^wAD is greater than the specified tj^wAD (max) limit, then access time is controlled 
exclusively by tAA • 

16. tAHR is defined as the time at which the column address hold. 

17. An initial pause of 100ms is req uired after power-up follo wed by eight or more initialization cycles (any 
combination of cycles conta ining RAS clock such as RAS-only refresh). If internal refresh counter is used, 
eight or more CS-before-RAS refresh cycles are required. 
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Timing Waveforms 
• Read Cycle 



X 



y-zzK 



\ 



- l/lll!ll f~ 



) mrm 



' wrmi 



■^ Valid Output ^ 



[777771 • Don't Cd. 



• Early Write Cycle 



\ 



W. 



yp^^v 



s. 



:©: 



/ 




'HlllJI/lk 



:i i////iiii//iiiiiiii JL 



////////// 



Tzmni^ 



Valid Input 



\iiiiiiiniiii 



Hight-Z*2 



Notes) ♦l.lZZZZZ^Dof.'tCare 
* 2. tires 2 Xmc% (mm) 
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• Read-Mod if y-Write Cycle 

RAS 



m. 



\ 



TfTTTTTTJ, 






/mumnm 



:v. 



V 



/////7/////////> c&: m/////////// 



lllllll/llli 



•j^ Vahd Output ffT/^ 



!c_ 



• RAS-Only Refresh Cycle 



V-iM^-^- 



«4J 



^ 



\. 



1 ^Tlx'Q i'"" ' ^*''' 



77777^. How^ X/////////////// 



/V 



• CSbefore-RAS Refresh Cycle 



% 



^ 



hRH I tCSk 



//////////// ■Z 



t 



's; 



Notes) ♦1. I77777I : Don't Care 

♦ 2 Refresh address A0-A8(AX0-AX8) 



:*t: 



.^ 



^////////// //////////////////// ////77 



H»gh-Z 



fZ^^Z^^ : Don't care 
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• Static Column Mode Read Cycle 



X 



1^ 



\ 



X 



-fe 



< Valid 
Output 1 



X 



K 



tRCS \ JRHH 



Valid 
Output 2 



w///////////m 



'Mi 



'WM 



Valid 
Outputs 



> 



(77^ Don't Car 



• Static Column Mode Write Cycle-1 



7 



f> 



.c 3. 



V 



} MJ-K. 



r )(Q/^^^yQ^^ 




\ 




Column 
3 



" — ' s J r ■ \ y- 



:mKm^mMm 



u 



High-Z*^ 



Notes) *1 V7777A Don't Care 
*2 twcs^twcsimm) 
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• Static Column Mode Write Cycie-2 



'\ 



m. 



'\-_^j/ \ . '- . 1/1 '\ ^-!i^^ 



H 



fA 



\ 



ty/cK .^\ 'Hl" 



Tmmj^mK^imn^mmM/, 



r 



^2 • Don't care 



• Static Column Mode Read-Mod if y-Write Cycle 

RAS 



\ 



cs 



N. 



Row 



;^: 



A- 



)m. 



twp^/ 



- wimmwm 



Dout 



Valid 
Output 1 



^^^^ 



Valid 
Input 2 



A 



Valid 
Output 2 



w//m//m 



\z^' 



im^MmmM. 



Valid 
Output 3 



TZ7A : Don't care 
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• Static Column Mode Mixed Cycle 



cs 






3© 



-- 33©CEi^; 



Dm 7 



\ 



7m^ 



twCH l/ 



Valid 
Input 1 



Dout 



Column 
2 



[cwo-» 

tAWO 



WmMM 
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AOH twOHr* 
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Read-Modify-Write 



\^y/] : Don't care 
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HM511002S/A Series - 



SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 




4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vtc (V) 



I.J 










\2 










I.I 
1.0 
0.9 
0.8 
n T 



































20 40 60 80 

Ambient Temperature Ta (°C) 



SUPPLY CURRENT (ACTIVE) vs. FREQUENCY 



SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE 
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0.5 
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1 1 

CMOS interface 
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y 
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/^ 




en 


1.0 
0.9 






/ 








/ 






>^ 


. 


^ 








0.8 


/ 


















a 
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4.50 4.75 5.00 5.25 5.50 

Supply Voltage Fee (V) 
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-HM511002S/A Series 



SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE SUPPLY CURRENT (STANDBY) vs. AMBIENT TEMPERATURE 



1-4 

I 
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o 
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3. 
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Supply Voltage Ycc (V) 
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Ambient Temperature Ta (°C) 



RAS ACCESS TIME vs. SUPPLY VOLTAGE 



RAS ACCESS TIME vs. AMBIENT TEMPERATURE 
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HM511002S/A Series- 



CS ACCESS TIME vs. SUPPLY VOLTAGE 



CS ACCESS TIME vs. AMBIENT TEMPERATURE 




4.50 4.75 5.00 5.25 
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HB56A18A/AT/B-6H/7H/8A/10A/12A 

1,048,576-Word x 8-Bit High Density Dynamic RAI\/I Module 

■ DESCRIPTION 

The HB56A18 is a 1 M x 8 dynamic RAM module, mounted eight 
1-Mbit DRAM (HM511000JP) sealed in SOJ package. An outline of 
the HB56A18 is 30-pin single in-line package having Lead types 
(HB56A18A, HB56A18AT), socket type (HB56A18B). Therefore, the 
HB56A18 makes high density mounting possible without surface 
mount technology. The HB56A18 provides common data inputs and 
outputs. Its module board has decoupling capacitors beneath the 
each SOJ. 

■ FEATURES 

• 30-Pin Single In-Line Package 

Lead Pitch 2.54mm 

• Single 5V (± 10%) Supply 

• High Speed 

Access Time 60/70/80/1 00/1 20ns (max.) 

• Low Power Dissipation 

Active Mode 3. 96/3. 52/3. 08/2. 64/2. 20 W (max.) 

Standby Mode 88mW (max.) 

• Fast Page Mode Capability 

• 512 Refresh Cycle 8ms 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Access 
Time 


Package 


30-Pin SIP 
Lead Type 


30-Pin SIP Low 
Profile Lead Type 


30-Pin SIMM 
Socket Type 


60ns 


HB56A18A-6H 


HB56A18AT-6H 


HB56A18B-6H 


70ns 


HB56A18A-7H 


HB56A18AT-7H 


HB56A18B-7H 


80ns 


HB56A18A-8A 


HB56A18AT-8A 


HB56A18B-8A 


100ns 


HB56A18A-10A 


HB56A18AT-10A 


HB56A18B-10A 


120ns 


HB56A18A-12A 


HB56A18AT-12A 


HB56A18B-12A 



Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


Vcc 


16 


DQ4 


2 


CAS 


17 


As 


3 


DQo 


18 


A9 


4 


Ao 


19 


NC 


5 


A, 


20 


DQ5 


6 


DQ, 


21 


WE 


7 


A2 


22 


Vss 


8 


A3 


23 


DQ6 


9 


Vss 


24 


NC 


10 


DQ2 


25 


DQ7 


11 


A4 


26 


NC 


12 


A5 


27 


RAS 


13 


DQ3 


28 


NC 


14 


A6 


29 


NC 


15 


A7 


30 


Vcc 



PIN DESCRIPTION 



Pm Name 


Function 


Ao ~ A9 


Address Input 


Ao-Ag 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQo ~ DQ7 


Data-In/Data-Out 


Vcc 


Power Supply (+5V) 


Vss 


Ground 


NC 


Non-Connection 




PIN OUT 
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HB56A18A 



BLOCK DIAGRAM 



AO-ilL 

A2JZL 

A3- 

A4 



J§L 



in) 



AsJl^L 



A6il^ 



A7i^ 



AsilZL 



A9il^ 



RAsi23L 
CAS (^) 



weM. 



M4 



M3 



M2 



M1 
A0-A8 Din 



RAS 
CAS 
WE 



Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



(10) 



(6) 



(3) 



DQ3 



DQ2 



DQ1 



DQO 



M8 



M7 



M6 



M5 
A0-A8 Din 



RAS 
CAS 
WE 



Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(25) 



(23) 



(20) 



(16) 



DQ7 



DQ6 



DQ5 



DQ4 



VSS-^ 



VSS-^^ 



►Ml -8Vcc 

C = 0.22pF X 8 



-*- M1 - 8 Vss 
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PHYSICAL OUTLINE 



HB56A18A 



HB56A18A Series 



81.2(3.197) 




c 
E 

CD 
O 

O 



I T????! m? ?T? nn ?????f!!??T! 



0.50(0.0197) 



5.28max. 



(0.208max.) 



0.25(0.0098) 



2.54(0.1) 



30 



• HB56A18AT Series 



90.14(3.549) 



fxnnmi nnrvnri. 



d3 



\K-MJ VJUUUU ' 



,r>nnnn rirw\r\^,r\nnr\r\ rv\t\na. 



ixxjuu <AXAJU'TnjUUU uuuuu ' 



nnnnn , nnnnn. 



viuuuu uuuuu - 



8.24 



2.54 



0.324 (0-100) 



0.50 
(0.0197) 



*ll. 



30 



^7.62 



8.89max. 



(0.350inax.) 



(0.300) 



0.25(0.0098) 
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HB56A18A 



• HB56A18B Series 



8 

d o 



6.35(0.250)^ / 

/ 

11.7Rf0.067max.) 

2.03(0.0|80)_ 

7.62(0.300) 

BASIC 
BOTH SIDES 



1.45mm. (0.057min.) 




88.9(3.500) 
82.14(3.234) 



hnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



2.54(0.100) 
1.78(0.070) 



BASIC 
BOTH SIDES 



73.66 ( 2.900 )REF 



30'" 



(0.07mm) 



1 



(0.208max.) 



(0.05 ±0.005) 
I 
2.54mm. (O.lOOmin.) 

\3.i7 ± 0.127( <f>0.\25 ± 0.005 ) 



NOTE: The plating of the contact finger is solder coat. 
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HB56A18A 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


Input 


ViN 


-1.0 to + 7.0 


V 


Relative to Vss 


Output 


VOUT 


-1.0 to + 7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to + 7.0 


V 


Short Circuit Output Current 


^out 


50 


mA 


Power Dissipation 


Pt 


8 


W 


Operating Temperature 


T„pr 


to + 70 


°c 


Storage Temperature 


Tstg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


ViH 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



NOTE: 1. All voltage referenced to Vss- 

■ DC ELECTRICAL CHARACTERISTICS (T^ = to +70°C, Vcc = 5V ± 10%, Vss = OV) 





Symbol 


Test Conditions 


HB56A18A/AT/B 


Unit 




Parameter 


-6H 


-7H 


-8A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Mm. 


Max. 




Operating Current 


Icci 


^RC ~ ^^"• 


- 


720 


- 


640 


- 


560 


- 


480 


- 


400 


mA 


1,2 


Standby Current 


ICC2 


TTL Interface 
RAS, CAS = V,H 
DouT = High-Z 


- 


16 


- 


16 


- 


16 


- 


16 


- 


16 


mA 




CMOS Interface 

RAS, CAS > Vcc -0-2V 

Dqut = High-Z 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


mA 




RAS-Only 
Refresh Current 


ICC3 


tRc = Min. 


- 


720 


- 


640 


- 


480 


- 


400 


- 


360 


mA 


2 


Standby Current 


ICC5 


RAS = V,H, CAS = VjL 
DouT = Enable 


- 


40 


- 


40 


- 


40 


- 


40 


- 


40 


mA 


1 


CAS-Before-RAS 
Refresh Current 


ICC6 


tRc = Min. 


- 


720 


- 


640 


- 


480 


- 


400 


- 


320 


mA 




Fast Page 
Mode Current 


lcC7 


tpc = Min. 


- 


720 


- 


640 


- 


400 


- 


400 


- 


320 


mA 


1,3 


Input Leakage 
Current 


Ili 


OV < V,N < 7V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


liA 




Output Leakage 
Current 


Ilo 


OV < VouT ^ 7V 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


fiA 




Output High 
Voltage 


VOH 


Iqut = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


louT = 4.2mA 





0.4 





0.4 





0.4 





0.4 





0.4 


V 






NOTES: 1 . Ice depends on 

2. Address can be 

3. Address can be 



output load condition when the device is selected. Ice max 
changed less than three times while RAS = Vil. 
changed once or less while CAS = Vih. 



is specified at the output open condition. 
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HB56A18A 



I CAPACITANCE (Ta = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Ci, 


— 


55 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


70 


pF 


1 


Input/Output Capacitance (DQ0-DQ7) 


Ci/o 


— 


17 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS 

Please show at HM511000H series or HM511000A series about AC Cliaracteristics. But don't use by 
Derayed Write Cycle, because the HB56A18 provides common data inputs and outputs. Please use by 
Early Write Cycle, (twos ^ twos (min.)). 
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HB56C18A/AT/B-8A/10A/12A 

1,048,576- Word x 8-Bit High Density Dynamic RAIVI Module 

■ DESCRIPTION 

The HB56C18 is a 1M x 8 static column mode dynamic RAM 
module, mounted eight 1-Mbit DRAM (HM511002JP) sealed in SOJ 
package. An outline of the HB56C18 is 30-pin single in-line package 
having Lead types (HB56C18A, HB56C18AT), socket type 
(HB56C18B). Therefore, the HB56C18 makes high density mounting 
possible without surface mount technology The HB56C18 provides 
common data inputs and outputs and also provides separate I/O on 
parity bit for parity check. Its module board has decoupling capaci- 
tors beneath the each SOJ. 

■ FEATURES 

• 30-Pin Single In-Line Package 

Lead Pitch 2.54mm 

• Single 5V (± 10%) Supply 

• High Speed 

Access Time 80/100/120ns (max.) 

• Low Power Dissipation 

Active Mode 3080/2640/2200mW (max.) 

Standby Mode 88mW (max.) 

• Static Column Mode Capability 

• 512 Refresh Cycle 8ms 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 



■ ORDERING INFORMATION 




Access 
Time 


Package 


30-Pin SIP 
Lead Type 


30-Pin SIP Low 
Profile Lead Type 


30-Pin SIP 
Socket Type 


80ns 


HB56C18A-8A 


HB56C18AT-8A 


HB56C18B-8A 


100ns 


HB56C18A-10A 


HB56C18AT-10A 


HB56C18B-10A 


120ns 


HB56C18A-12A 


HB56C18AT-12A 


HB56C18B-12A 



PIN OUT 





Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


Vcc 


16 


DQ4 


2 


CS 


17 


Ag 


3 


DQo 


18 


A9 


4 


Ao 


19 


NC 


5 


A, 


20 


DQ5 


6 


DQ, 


21 


WE 


7 


A2 


22 


Vss 


8 


A3 


23 


DQ6 


9 


Vss 


24 


NC 


10 


DQ2 


25 


DQ7 


11 


A4 


26 


NC 


12 


A5 


27 


RAS 


13 


DQ3 


28 


NC 


14 


A6 


29 


NC 


15 


A7 


30 


Vcc 


■ PIN DESCRIPTION 


Pin Name 


Function 


Aq ~ A9 


Address Input 


Ao ~ Ag 


Refresh Address Input 


RAS 


Row Address Strobe 


CS 


Chip Select 


WE 


Read/Write Enable 


DQo ~ DQ7 


Data-In/Data-Out 


Vcc 


Power Supply (+5V) 


Vss 


Ground 


NC 


Non-Connection 
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HB56C18A/AT/B-8A/10A/12A 
■ BLOCK DIAGRAM 



AOJ^ 
A1-M- 
A2J2I- 
A3J^ 
A4 



(11) 



Asil^L 



AsiliL 



A7il5L 



AsilZL 



A9-M. 



RAsi?^ 

cAsiHL 



weM. 



M4 



M3 



M2 



Ml 
AO-AS Din 

RAS Dout 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



(10) 



(6) 



(3) 



DQ3 



DQ2 



DQ1 



DQO 



M8 



M7 



M6 



M5 
A0-A8 Din 

RAS Dout 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(25) 



(23) 



(20) 



(16) 



DQ7 



DQ6 



DQ5 



DQ4 



vccJlL 



VcciM. 



Vss-^ 



Vss-^ 



►Ml ~8Vcc 

= 0.22pF X 8 
►Ml -8Vss 
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HB56C18A/AT/B-8A/10A/12A 



I PHYSICAL OUTLINE 
HB56C18A Series 




,_ , 5 28max 
1 (0 208max 1 



mm (mch) 



• HB56C18AT Series 



88.9(3.500) 



r\t-\r\r\i^ r\r\i->t->/-r 



Ul— MJ UUUUU 



nnnnn nrvw\,,nnnnn nnnrxa. 



^ 



ULXJUU UUUUU ' LH-WJUU UUUUU ' 



nnnnn nnnncL 



UUUUU UUUUU ' 



7.62 



(0.300) (0.100) 



M^M-- 



0.50 
(0.0197) 



*ll- 



30 



^7.62 



8.89max. 



(0.350max.) 
r 



(0.300) 



0.25(0.0098) 
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HB56C18A/AT/B-8A/10A/12A 



HB56C18B Series 



i. 



^] 



6.35(0.250)' 

1.7R(0.067max.) 

2.03(0.080) 



7 62(0.300) 



I 1.45min.(0.057m in.) 



<l>i 




hnnnnnnnnnnnnnnnnnnnnnnnnnnnrh 



BASIC 
BOTH SIDES 



73.66(2 900)REF 



\^ 2.54mm. (OlOOmin ) 
\3.17± 0.127(^0.125 ±0.005) 



BASIC 
BOTH SIDES 



mm (inch) 



NOTE: The plating of the contact finger is solder coat. 
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HB56C18A/AT/B-8A/10A/12A 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to W^s 


Vt 


-1.0 to + 7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to + 7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


8.0 


W 


Operating Temperature 


^opr 


to + 70 


°c 


Storage Temperature 


Tstg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Tg = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



NOTE: 



. All voltage referenced to Vss- 



I DC ELECTRICAL CHARACTERISTICS i\ = to +70°C, Vcc = 5V ± 10%, Vs 



= 0V) 





Symbol 


Test Conditions 


HB56C18A/AT/B 


Unit 




Parameter 


-8A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Operating Current 


Icci 


tRC = Min. 


— 


560 


— 


480 


- 


400 


mA 


1,2 


Standby Current 


ICC2 


TTL Interface 
RAS, CS = ViH 
DouT = High-Z 


- 


16 


- 


16 


- 


16 


mA 




CMOS Interface 

RAS, CS > Vcc -0.2V 

DouT = High-Z 


- 


8 


- 


8 


- 


8 


mA 




RAS-Only 
Refresh Current 


ICC3 


tRC = Min. 


- 


480 


- 


400 


- 


360 


mA 


2 


Standby Current 


ICC5 


RAS = ViH, CS = ViL 
DouT = Enable 


- 


40 


- 


40 


- 


40 


mA 


1 


CAS-Before-RAS 
Refresh Current 


ICC6 


tRC = Min. 


- 


480 


- 


400 


- 


320 


mA 




Static Column Mode 
Current 


ICC9 


Static Column Mode 
tpc = Min. 


- 


480 


- 


400 


- 


320 


mA 


1,3 


Input Leakage Current 


Ili 


OV < ViN < 7V 


-10 


10 


-10 


10 


-10 


10 


HA 




Output Leakage Current 


Ilo 


OV < VouT < 7V 
DouT = Disable 


-10 


10 


-10 


10 


-10 


10 


tiA 




Output High Voltage 


VOH 


louT = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Iqut = 4.2mA 





0.4 





0.4 





0.4 


V 






NOTES: 1 . Ice depends on output k 

2. Address can be changed 

3. Address can be changed 



tad condition when the device is selected, Ice max. is specified at the output open condition, 
less than three times while RAS = Vil. 
once or less while CS = Vih- 
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HB56C18A/AT/B-8A/10A/12A 



I CAPACITANCE (Ta = 25 °C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Cii 


— 


55 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


70 


pF 


1,2 


Input/Output Capacitance (DQ0-DQ7) 


Ci/o 


— 


17 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = ViH to disable Dout- 

■ AC CHARACTERISTICS 

Please show at HM511002H series about AC Characteristics. But don't use by Derayed Write Cycle, 
because the HB56C18 provides common data inputs and outputs. Please use by Early Write Cycle, (twcs 
^ twcs (min.)). 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 



1,048,576-Word x 9-Bit High Density Dynamic RAM l\/lodule 

■ DESCRIPTION 

The HB56A19 is a 1M x 9 dynamic RAM module, mounted nine 
1-Mbit DRAM (HM511000JP) sealed in SOJ package. An outline of 
the HB56A19 is 30-pin single in-line package having Lead types 
(HB56A19A, HB56A19AT), Socket type (HB56A19B). Therefore, the 
HB56A19 makes high density mounting possible without surface 
mount technology The HB56A19 provides common data inputs and 
outputs and also provides separate I/O on parity bit for parity check. 
Its module board has decoupling capacitors beneath the each SOJ. 

■ FEATURES 

• 30-Pin Single In-Line Package 

Lead Pitch 2.54mm 

• Single 5V (± 10%) Supply 

• High Speed 

Access Time 60/70/80/1 00/1 20ns (max.) 

• Low Power Dissipation 

Active Mode 4455/3960/3465/2970/2475mW (max.) 

Standby Mode 99mW (max.) 

• Fast Page Mode Capability 

• 512 Refresh Cycle 8ms 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Access 
Time 


Package 


30-Pin SIP 
Lead Type 


30-Pin SIP Low 
Profile Lead Type 


30-Pin SIMM 
Socket Type 


60ns 


HB56A19A-6H 


HB56A19AT-6H 


HB56A19B-6H 


70ns 


HB56A19A-7H 


HB56A19AT-7H 


HB56A19B-7H 


80ns 


HB56A19A-8A 


HB56A19AT-8A 


HB56A19B-8A 


100ns 


HB56A19A-10A 


HB56A19AT-10A 


HB56A19B-10A 


120ns 


HB56A19A-12A 


HB56A19AT-12A 


HB56A19B-12A 



PIN OUT 




Pin No. 


Pin Name 


Pm No. 


Pm Name 


1 


Vcc 


16 


DQ4 


2 


CAS 


17 


Ag 


3 


DQo 


18 


A9 


4 


Ao 


19 


NC 


5 


A, 


20 


DQ5 


6 


DQ, 


21 


WE 


7 


A2 


22 


Vss 


8 


A3 


23 


DQ6 


9 


Vss 


24 


NC 


10 


DQ2 


25 


DQ7 


11 


A4 


26 


PQ 


12 


A5 


27 


RAS 


13 


DQ3 


28 


PCAS 


14 


A6 


29 


PD 


15 


A7 


30 


Vcc 



PIN DESCRIPTION 



Pin Name 


Function 


Aq ~ A9 


Address Input 


Ao-As 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS, PCAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQo ~ DQ7 


Data-In/Data-Out 


PD 


Parity Data-in 


PQ 


Parity Data-Out 


Vcc 


Power Supply (-1-5 V) 


Vss 


Ground 


NC 


Non-Connection 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 
■ BLOCK DIAGRAM 



J4L 



AO 

A1-i5L 

A2-S_ 

A4 



illL 



A5il2L 
A6 ilii 



A7il5L 



AsJlIL 



A9il8L 



CAS 



(2) 



WEii^ 



PCAS 



(28) 



M4 



M3 



M2 



M1 
A0-A10 Din 



RAS 
CAS 
WE 



Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



(10) 



(6) 



(3) 



DQ3 



DQ2 



DQ1 



DQO 



CAS 



M9 



M8 



M7 



M6 



M5 
A0-A10 Din 

RAS Dout 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(26) PD 



(29) PQ 



(25) 



(23) 



(20) 



(16) 



DQ7 



DQ6 



DQ5 



DQ4 



vcc~ilL 

VCC^^OL 



M. 



Vss- 
Vss-i^ 



Ml -9Vcc 



= 0.22[jF X 9 
►Ml -9Vss 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 



PHYSICAL OUTLINE 



• HB56A19A Series 



81.2(3.197) 




• HB56A19AT Series 



0.50(0.0197) 



2.54(0.1) 



88.9(3.500) 



fiunnrtn iwinn . nnrwx rmnnn , . nnnnn nnnnex , . nnnon rruy t n . rvmnn 
' lAAJuu uuuuu' uuuuu uuumi"uuuuu — oDocnr wuuu iwuuu 'lD6oPg 



7.62 ^ 
(0.300) 



vaaacr 

30 



2.54 



(0.100 



44-^ 



0.50 
(0.0197 



7.62 
(0.300) 



5.28max. 
(0.208max. 



0.25(0.0098) 



8.89max. 



0.35max. 



LO • o 



0.25(0.0098) 
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HB56A19A/AT/B-6H/7H/8A/10A/12A ■ 



HB56A19B Series 



88.9(3.500) 



3.38(0.133) 




(0.208max.) 



1.27 ±0.127 



(0.05 ±0.005) 
2.54inin.(0.100min. ) 
^3.17±O.127(0O.125± 0.005) 



NOTE: The plating of the contact finger is solder coat. 



Detail A 







r^ 




'-^^ 




1 


1 .80 min. 
0.071 




— — 


















1.78 
0.070 



Note: The plating of the contact 
finger is solder coat. 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


Input 


ViN 


-1.0 to + 7.0 


V 


Relative to W^s 


Output 


VOUT 


-1.0 to + 7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to + 7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


9 


W 


Operating Temperature 


^opr 


to 4- 70 


°C 


Storage Temperature 


Tst. 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (\ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



NOTE: 1 . All voltage referenced to Vss- 

■ DC ELECTRICAL CHARACTERISTICS (T^ = to +70°C, Vcc = 5V db 10%, Vgs = OV) 





Symbol 


Test Conditions 


HB56A19A/AT/B 


Unit 




Parameter 


-6H 


-7H 


-8A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Mm. 


Max. 


Min. 


Max. 




Operating Current 


Icci 


^RC ~ ^^"• 


- 


810 


- 


720 


- 


630 


- 


540 


- 


450 


mA 


1,2 


Standby Current 


ICC2 


TTL Interface 
RAS, CAS = V,H 
DouT = High-Z 


- 


18 


- 


18 


- 


18 


- 


18 


- 


18 


mA 




CMOS Interface 

RAS, CAS > Wcc -0-2V 

DouT = High-Z 


- 


9 


- 


9 


- 


9 


- 


9 


- 


9 


mA 




RAS-Only 
Refresh Current 


ICC3 


^RC ~ ^^"• 


- 


810 


- 


720 


- 


540 


- 


450 


- 


405 


mA 


2 


Standby Current 


ICC5 


RAS = V,H, CAS = V,L 
DouT = Enable 


- 


45 


- 


45 


- 


45 


- 


45 


- 


45 


mA 


1 


CAS-Before-RAS 
Refresh Current 


JCC6 


tRC = Min. 


- 


810 


- 


720 


- 


540 


- 


450 


- 


360 


mA 




Fast Page 
Mode Current 


ICC7 


tpQ = Mm. 


- 


810 


- 


720 


- 


450 


- 


450 


- 


360 


mA 


1,3 


Input Leakage 
Current 


^LI 


OV < V,N < 7V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


fiA 




Output Leakage 
Current 


Ilo 


OV < VouT ^ 7V 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


fiA 




Output High 
Voltage 


VOH 


Iqut = -5 mA 


2.4 


Vcc 


24 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Iqut ~ 4.2mA 





0.4 





0.4 





0.4 





0.4 





0.4 


V 






NOTES: 1 . Ice depends on 

2. Address can be 

3. Address can be 



output load condition when the device is selected. Ice max. 
changed less than three times while RAS = Vjl. 
changed once or less while CAS = Vih. 



is specified at the output open condition. 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 



I CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Ci, 


— 


60 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


75 


pF 


1 


Input/Output Capacitance (DQ0-DQ7) 


Ci/o 


— 


17 


pF 


1,2 


Input Capacitance (PD) 


Co 


— 


10 


pF 


1,2 


Output Capacitance (PQ) 


Co 


— 


12 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS 

Please show at HM511000H series or HM511000A series about AC Characteristics. But don't use by 
Derayed Write Cycle, because the HB56A19 provides common data Inputs and outputs. Please use by 
Early Write Cycle, (twcs ^ ^wcs (min.)). 
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HB56C19A/AT/B-8A/10A/12A 

1,048,576-Word x 9-Bit High Density Dynamic RAIVI Module 

■ DESCRIPTION 

The HB56C19 is a 1M x 9 static column mode dynamic RAM 
module, mounted nine 1-Mbit DRAM (HM511002JP) sealed in SOJ 
package. An outline of the HB56C19 is 30-pin single in-line package 
having Lead types (HB56C19A, HB56C19AT), Socket type 
(HB56C19B). Therefore, the HB56C19 makes high density mounting 
possible without surface mount technology The HB56C19 provides 
common data inputs and outputs and also provides separate I/O on 
parity bit for parity check. Its module board has decoupling capaci- 
tors beneath the each SOJ. 

■ FEATURES 

• 30-Pln Single In-Line Package 

Lead Pitch 2.54mm 

• Single 5V (± 10%) Supply 

• High Speed 

Access Time 80/100/120ns (max.) 

• Low Power Dissipation 

Active Mode 3465/2970/2475 mW (max.) 

Standby Mode 99mW (max.) 

• Static Column Mode Capability 

• 512 Refresh Cycle 8ms 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 



■ ORDERING INFORMATION 




Access 
Time 


Package 


30-Pin SIP 
Lead Type 


30-Pin SIP Low 
Profile Lead Type 


30-Pin SIMM 
Socket Type 


80ns 


HB56C19A-8A 


HB56C19AT-8A 


HB56C19B-8A 


100ns 


HB56C19A-10A 


HB56C19AT-10A 


HB56C19B-10A 


120ns 


HB56C19A-12A 


HB56C19AT-12A 


HB56C19B-12A 



PIN OUT 




Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


Vcc 


16 


DQ4 


2 


cs 


17 


Ag 


3 


DQo 


18 


A9 


4 


Ao 


19 


NC 


5 


A, 


20 


DQ5 


6 


DQ, 


21 


WE 


7 


A2 


22 


Vss 


8 


A3 


23 


DQ6 


9 


Vss 


24 


NC 


10 


DQ2 


25 


DQ7 


11 


A4 


26 


PQ 


12 


A5 


27 


RAS 


13 


DQ3 


28 


PCS 


14 


A6 


29 


PD 


15 


A7 


30 


Vcc 



PIN DESCRIPTION 



Pin Name 


Function 


Aq ~ A9 


Address Input 


Ao-Ag 


Refresh Address Input 


RAS 


Row Address Strobe 


CS 


Chip Select 


PCS 


Parity Chip Select 


WE 


Read/Write Enable 


DQo ~ DQ7 


Data-In/Data-Out 


PD 


Parity Data-in 


PQ 


Parity Data-Out 


Vcc 


Power Supply (+5 V) 


Vss 


Ground 


NC 


Non-Connection 
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HB56C19A/AT/B-8A/10A/12A 
■ BLOCK DIAGRAM 



AO 
A1 
A2 
A3 
A4 



JIL 



M. 



HL 



(8) 



illL 



i12L 



A5 

AsiliL 



AsilZL 



A9i^ 



RAS 

CAS 

WE 



PCAS 



igZL 



(2) 



(21) 



(28) 



M4 



M3 



M2 



M1 
A0-A10 Din 

RAS Dout 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



(10) 



(6) 



(3) 



DQ3 



DQ2 



DQ1 



DQO 



M9 ^. 

CAS Dm 

Dout 



M8 



M7 



M6 



M5 
A0-A10 Din 

RAS Dout 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(26) PD 



(29) PQ 



(25) 



(23) 



(20) 



(16) 



DQ7 



DQ6 



DQ5 



DQ4 



(1) 



i30L 



Vcc 

Vcc 
Vss- 

Vss-^ 



(9) 



Ml - 9 Vcc 



= 0.22MF X 9 
»-M1 -9Vss 
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HB56C19A/AT/B-8A/10A/12A 



PHYSICAL OUTLINE 



HB56C19A Series 



81.2(3.197) 




• HB56C19AT Series 



0.50(0.0197) 



2.54(0.1) 



88.9(3.500) 



5.28max. 
(0.208max.) 



0.25(0.0098) 



'lAA/LW uin^ut 



uuuuu uuuuu 



Viuuuu — ocKKnf bi 



■ ruinon ononn , 



Haaaju UAjuu' 



7.62 
(0.300) 



2.54 



(0.100) 



44*- 



0.50 
(0.0197 




1^7^ 
(0.300) 



8.89max. 



0.35max. 



.0.25(0.0098) 
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HB56C19A/AT/B-8A/10A/12A 



HB56C19B Series 



3.38(0.133) 



6. 



,35 ( 0.250 K 
(R0.067inax.y 
1.7max. 
2.03(0.080) 



7.62(0.300) 



88.9(3.500) 




nnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



BASIC 
BOTH SIDES 



1.78(0.070) 



73.66 ( 2.900 )REF 



BASIC 
BOTH SIDES 



(0.208max.) 



1.27 ±0.127 



(0.05 + 0.005) 
, ^2.54min.(0.100min.) 
\3.17±O.127(0O.125± 0.005) 



(O.OZmin) 



NOTE: The plating of the contact finger is solder coat. 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-1.0 to + 7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to + 7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


9.0 


W 


Operating Temperature 


^opr 


to + 70 


°c 


Storage Temperature 


Tstg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



NOTE: 1. All voltage referenced to Vss- 
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HB56C19A/AT/B-8A/10A/12A 



DC ELECTRICAL CHARACTERISTICS (T^ = to +70°C, Vcc = 5V ± 10%, Vss = OV) 





Symbol 


Test Conditions 


HB56C19A/AT/B 


Unit 




Parameter 


-8A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Operating Current 


Icci 


tRc = Min. 


- 


630 


- 


540 


- 


450 


mA 


1,2 


Standby Current 


Icc2 


TTL Interface 
RAS, CS = ViH 
DouT = High-Z 


- 


18 


- 


18 


- 


18 


mA 




CMOS Interface 
RAS, CS > Vcc -0.2V 
DouT = High-Z 


- 


9 


- 


9 


- 


9 


mA 




RAS-Only 
Refresh Current 


ICC3 


tRC = Min. 


- 


540 


- 


450 


- 


405 


mA 


2 


Standby Current 


ICC5 


RAS = ViH, CS = ViL 
DouT = Enable 


- 


45 


- 


45 


- 


45 


mA 


1 


CS-Before-RAS 
Refresh Current 


ICC6 


tRC = Mm. 


- 


540 


- 


450 


- 


360 


mA 




Static Column Mode 
Current 


ICC9 


Static Column Mode 
tpc = Min. 


~ 


540 


- 


450 


- 


360 


mA 


1,3 


Input Leakage Current 


Ili 


OV < ViN < 7V 


-10 


10 


-10 


10 


-10 


10 


M 




Output Leakage Current 


Ilo 


OV < VouT ^ 7V 
DouT = Disable 


-10 


10 


-10 


10 


-10 


10 


M 




Output High Voltage 


VOH 


louT = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


louT = 4.2mA 





0.4 





0.4 





0.4 


V 





NOTES: 1. Ice depends 

2. Address can 

3. Address can 



on output load condition when the device is selected, Ice max. is specified at the output open condition, 
be changed less than three times while RAS = Vil. 
be changed once or less while CS = Vih. 
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HB56C19A/AT/B-8A/10A/12A 



I CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Ci, 


— 


60 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


75 


pF 


1,2 


Input/Output Capacitance (DQ0-DQ7) 


Ci/o 


— 


17 


pF 


1,2 


Input Capacitance (PD) 


Cl3 


— 


10 


pF 


1 


Output Capacitance (PQ) 


Co 


— 


12 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = ViH to disable Dout- 

■ AC CHARACTERISTICS 

Please show at HM511002A series about AC Characteristics. But don't use by Derayed Write Cycle, 
because the HB56C19 provides common data inputs and outputs. Please use by Early Write Cycle, (tyvcs 
^ twcs (min.)). 
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HM514100JP/ZP-8/10/12 

4 Megabit DRAM 

4,194,304-WDrd x l-BK Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514100 is a CMOS dynamic RAM organized 4.194.304 
word X 1 bit. HM514100 has realized higher density, higher 
performance and various functions by employing 0.8 /im CMOS 
process technology and some new CMOS circuit design technologies. 
The HM514100 offers Fast Page Mode as a high speed access mode. 
Multiplexed address input permits the HM514100 to be packaged in 
standard 20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V(± 10%) 

• Highspeed 

Access time 80ns/100ns/120ns (max.) 

• Low power dissipation 

—Active mode 495mW/440mW/385mW (max.) 

—Standby mode llmW (max.) 

• Fast page mode capability 

• 1,024 refresh cycles (16 ms) 

• 3 variat ions of refresh 
— RAS only re fresh 
—CAS before RAS refresh 
—Hidden Refresh 

• Test Function 

■ ORDERING INFORMATION 



^ 



HM51440QJP Series 




HMSI4400ZP Senes 



I PIN OUT 



Part No. 


Access 


Package 


HM514100JP-8 
HM514100JP-10 
HM514100JP-12 


80ns 
100ns 
120ns 


350 mil 20-pin 
Plastic SOJ 


HM514100ZP-8 
HM514100ZP-10 
HM514100ZP-12 


80ns 
100ns 
120ns 


400 mil 20-pin 
Plastic ZIP 



I PIN DESCRIPTION 



Pin Name 


Function 


Aq-Ak) 


Address Input 


A0-A9 


Refresh Address Input 


Din 


Data-in 


Dqut 


Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power ( -1-5 V) 


Vss 


Ground 



*HM514100JPSMiM 1 


^ Hitachi Pin No. — ^ 1 
pjEDECPinNo 1 1 

Din C3jll^:^26llsi Vss | 


wTCz 


2 25 


m Dout 


RASQ 


3 24 


m CAS 


NO Q 


4 23 


a Nc 


A10 Q 


5 22 


33 A9 


Ao a 


9 18 


m A8 


A1 n 


10 17 


33 A7 


A2 a 


11 16 


31 A6 


A3 C3 


12 15 


311 AS 


Vcc 05 


13 14 


lH A4 


(Top View) 




• HMSUIOOZP SariM 1 






1 A9 


CAS 2 




3 Dout 


Vss 4 




5 Din 


WE 6 




7 RAS 


A10 8 




9 NO 


NO 10 




11 AO 


A1 12 




13A2 


A3 14 




15 Vcc 


A4 16 




17A5 


AS 18 




19 A7 


A8 20 






(Bottom View) | 
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HM514100JP/ZP Series - 



I ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on any Pm 
Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage 
Relative to V^s 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


Tstg 


-55 to + 125 


°C 



I ELECTRICAL CHARACTERISTICS 

Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Mm. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


ViL 


-2.0 


- 


0.8 


V 


1 



NOTE: 1 All voltage referenced to Vss 

• DC Electrical Characteristics (Ta = to +70°C, Vcc = 5V ± 10%, Vss = OV) 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Test Condition 


Note 


Mm 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Icci 


~ 


90 


- 


80 


- 


70 


mA 


RAS, CAS Cycling 
tRc = rnin 


1,2 


Standby Current 


Icc2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = ViH 
Dout = High-Z 




- 


1 


- 


1 


- 


1 


mA 


CMOS Interface RAS, 
CAS > Vcc - 0.2V 
Dout = High-Z 




RAS Only Refresh Current 


ICC3 


- 


90 


- 


80 


- 


70 


mA 


tRc = min 


2 


Standby Current 


ICC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V,H 
CAS = V,L 
Dout = Enable 


1 


CAS Before RAS Refresh Current 


ICC6 


- 


90 


- 


80 


- 


70 


mA 


tRc = rnin 




Fast Page Mode Current 


ICC7 


- 


90 


- 


80 


- 


70 


mA 


tpc = min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


fiA 


OV < V,N < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


^A 


OV < VouT ^ 7V 
Dout = Disable 




Output High Voltage 


Vqh 


24 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High lout = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low lout = 4.2mA 





NOTE: 1 Ice depends on output load condition when the device is selected, Ice max is specified at the output open condition 

2 Address can be changed once or less while RAS = Vjl 

3 Address can be changed once or less CAS = Vih 
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• Capacitance (Ta = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Q, 


- 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


- 


7 


pF 


1 


Output Capacitance (Data-out) 


Co 


- 


7 


pF 


1,2 



NOTE: 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = ViH to disable DouT 

• AC Characteristics (Ta = to 70°C, Vcc = 5V ± 10%, Vss = OV) 1 12, 15 
Read, Write, Read-IViodify-Write and Refresli Cycles (Common Parameters) 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Mm. 


Max. 


Mm. 


Max. 


Random Read or Write Cycle Time 


tRC 


150 


- 


180 




210 


- 


ns 




RAS Precharge Time 


tRP 


60 


- 


70 


- 


80 


- 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-up Time 


tASR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column Address Set-up Time 


Use 





- 





- 





- 


ns 




Column Address Hold Time 


tcAH 


15 


- 


20 


- 


25 


~ 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


- 


25 


- 


30 


- 


ns 




CAS Hold Time 


tcSH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


- 


10 


- 


10 


- 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


16 




16 


- 


16 


ms 






I READ CYCLE 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Mm. 


Max. 


Access Time From RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


2, 3, 16 


Access Time From CAS 


tCAC 


- 


25 


- 


25 


- 


30 


ns 


3, 4, 14 


Access Time From Address 


tAA 


- 


40 


- 


45 


- 


55 


ns 


3, 5, 14, 16 


Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer Tlirn-off Time 


toFF 





20 





25 





30 


ns 


6 
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I WRITE CYCLE 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Set-up Time 


twcs 





- 





- 





- 


ns 


10 


Write Command Hold Time 


twcH 


15 


- 


20 


- 


25 


- 


ns 




Write Command Pulse Width 


twp 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


- 


25 


- 


30 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


- 


25 


- 


30 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 


ns 


11 


Data-in Hold Time 


tDH 


15 


- 


20 


- 


25 


- 


ns 


11 



• Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read-Modify-Write Cycle Time 


tRWC 


180 


- 


210 


- 


245 


- 


ns 




RAS to WE Delay Time 


tRWD 


80 


- 


100 


- 


120 


- 


ns 


10 


CAS to WE Delay Time 


k:wD 


25 


- 


25 


- 


30 


- 


ns 


10 


Column Address to WE Delay Time 


UWD 


40 


- 


45 


- 


55 


- 


ns 


10 



• Refresh Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Set-up Time 

(CAS Before RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


ns 





• Fast Page Mode Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


- 


55 


- 


65 


- 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


- 


10 


- 


15 


- 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time From CAS Precharge 


tACP 


- 


50 


- 


50 


- 


60 


ns 


14, 16 


RAS Hold Time From CAS Precharge 


tRHCP 


50 


- 


50 


- 


60 


- 


ns 
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• Fast Page Mode Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Read-Modify-Write 
Cycle Time 


tpcM 


85 


- 


85 


- 


100 


- 


ns 





• Test Mode Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Test Mode WE Set-up Time 


tws 





- 





- 





- 


ns 




Test Mode WE Hold Time 


tWH 


20 


- 


20 


- 


20 


- 


ns 




• Counter Test Cycle 


Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Precharge Time in Counter 
Test Cycle 


tcpT 


40 




50 


- 


60 


- 


ns 





1 AC measurements assume tr = Sns 

2 Assumes that tRCD ^ Ircd (max) and Irad ^ tRAD (max) If tRCD or tRAD 'S greater than the maximum recommended value shown m this table, tRAC exceeds the 
value shown. 

3 Measured with a load circuit equivalent to 2TTL loads and lOOpF 

4 Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max) 

5 Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max) 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels 

7 ViH (mm) and Vil (max) are reference levels for measuring timing of input signals. Also, transition times are measured between Vih and Vil. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, if tRCD «s greater than the specified tRCD 
(max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the Irad (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, if tRAD «s greater than the specified tRAD 
(max) limit, then access time is controlled exclusively by tAA- 

10 twcs. tRWD> tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only: if twcs ^ twcs (mm), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle, if tRWD ^ tRWD (min), tcWD ^ tcWD (min) 
and tAWD ^ tAWD (mm), the cycle is a read-modify-write and the data output will contain data read from the selected cell, if neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

1 1 These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delved write or a read-modify-write cycle 

12 An initial pause of 1(K) /ts is required after power up followed by a minimum of eight initialization cycles (RAS-only refresh cycle or CAS-before-RAS refresh cycle). If 
the internal refresh counter is used, a minimum of eight CAS-before-RAS refresh cycles is required 

13. tRASC defines RAS pulse width in fast page mode cycles 

14 Access time is determined by the longer of tAA or tcAC or tACP 

15 Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits— RAH), CAR) and CAO This test mode operation can be 
performed by WE-and-CAS-before-RAS (WCBR) refresh cycle Refresh during test mode operation will be performed by normal read cycles or by WCBR refresh 
cycles When the state of eight test bits accord each other, the condition of the output data is high level When the state of test bits do not accord, the condition of the 
output data is low level Data output pm is Dout and data input pin is Dm. In order to end this test mode operation, perform a RAS-only refresh cycle or a 
CAS-before-RAS refresh cycle 

16. In a test mode read cycle, the value of tRAC, tAA. tCAC and tACP >s delayed for 2ns to Sns for the specified value These parameters should be specified in test mode 
cycles by adding the above value to the specified value in this data sheet 
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■ TIMING WAVEFORM 
• Read Cycle 

RAS 



CAS 



Address 



Dout 

Early Write Cycle 
RAS 

CAS 

Address 

WE 

Din 
Dout 



^: 



tASR 



^: 



tRC 



tRAS 



tRCD 



tcSH 



N. 



tASC 



tRAD 



:^^K 



tRSH 



*^. "«■ .\ 



tCAS 



jtCAH 
tRAL 



/' 



^ y//////////// / 



.tRCsJ 



tCRP 



X. 



\x ^///////////// ^^ 

IRCH 



tCAC 



iM ^ 



tRAC 



tRRH 



' ^/////////y 



^ Dout \ 



^ — 



n: 



tASR 

2>£ 



tRC 



tRAS 



tRCD 



tcSH 



tASC 



^. 



tRAH 



twcs ^ 

y/////////////^ .. 



^ tRSH" 



tCAS 



;4,japJ\ 



/ 



tCRP 



"X. 



y////////////M 



tCAH 



- W/////////////77Z^ 



twCH 



2E - ^DH 



. //////////////// 



^///////////A 



z 



•^^: Don't «™ 

* * twcs 2: twcs (min) 
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• Delayed Write Cycle 
RAS 

CAS 

Address 
WE 

Din 



^: 



tASR 

2>£ 



tRC 



tRAS 



tcSH 



tASC 



N. 



:k^< 



tRSH 



tCAS 



"* — tcAH tcWL 



y/////////// A 



tRCS 



/ 



^4. ""■ .\ 



tCRP ^ 



■ W////^/////////777/ 



\ 'r-y////////////// 



tos 



twp 



tDH 



////////////////yT^^ T^n^ ^^^TTZ^Z^T^T^TP^^ 



/z. 



•^:Donnc 



• Read-Modify-Write Cycle 



RAS 



CAS 



Address 



Din 



Dout 



\ 



tASR 

2C 



tRWC 



tRAH 

^ »* 



^v 



><^: 



tRAD 



i^ y///////////A 




tCAH 



<*"^4 '' 



tRP 



tcWL, 



tCRP 



X 




"V 



' W/////////////ZW/ 



tAWD ^ 



tcwo 



tRWD 



^tDS^ 



twp 



\. >////////////// 



P///////////////Z7 P?^^r-V^^777 7777Z77Z 



ftCAC 



tRAC 



• y777A ^-^<^ 
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• RAS Only Refresh Cycle 



RAS 

CAS 

Address 
Dout 



^: 



^ 



.tCRP 



^<: 



tASR 



tRC 



tRAS 



3f 



X 



JRPS^ 



2 



tRAH 



\' ^/////////////////////////A 



■^2^ 



** Refresh Address: A0-A9 
(AXO-AXg) 



• Hidden Refresh Cycle 



RAS 



CAS 



tASR 



Address ^^ 



tRC 



tRAS 






tRCD 



tRAO 



K^C 



tRCS 



WE Tsm 



^: 



tRAS 



/ " \ (Refresh) V '' 

tCHR 



tCAS 



tRAS 



tASC 

"*-tCAH 



/ 



y /////////////^/////////// :^zy^ 



tAA 



tRAC. 



Dout 



-tCAC 



-*- tRCH 



^^^ 



Dout 



-toFF 



YMk^ 
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• CAS Before RAS Refresh Cycle 



RAS 



CAS 



tcSR 



tRC 



tRAS 



J^ 



H t 



\ y \ ^ . \ yc 



tRPC 



1 



tRC 



^ tRAS 



*— iSHB ^ 



tRP 



U ^^"p > 



Address ////////////////////////////////////////////////^^^ 



Dout 



OPEN 



^' 



Fast Page Mode Read Cycle 



tRASC 



RAS 
CAS 



Address /^ , rqw 



WE 



Dout 





•^=' 
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• Fast Page Mode Early Write Cycle 



RAS 
CAS 



>: 



tASR 



tRASC 



tcSH 



:^ 



tRCD 



Address ^ ^ "°* 1 ^^ ^ ^'- 



tASC 



i^ 



tcp 



Jwcs 



WE y////////^ . 



Din 
Dout 



tB& 



tCAH tASC 



tCAS 



tCAH 



twCH twos 



.(^. 



tOH 



j^'S 



ICAH ' 



U^&CS: 



tASC 



tRSH^ i ^tRp ^ 
tcRP ^ 



twcs 



twCH 



^^. 



^^^zmz^u^C^Lj^^C^ij^^^^ 



tos 



W////////A 



.^2^^ 



tpH 



" twcs a twcs (min) 



• Fast Page Delayed Write Cycle 



RAS 



CAS 



^. 



tASIi. 



tRASC 



tASC. 



I tRAH 



Address ^///) K T^^i ^^^ i^'"""" ^^ "^ ^^//^ ^"^ \ 



tCAH 



WE y///////J {^ 



tcp 



_-_ ^ ^^ tASC.. 



tpc 



tos 



'<ZZ^' 



tOH 



Jtp 



tRP 
tRWL _ 



tRCS 



Y 



•v 



CRPu«-H 



tCAH 



oin ^^^^7>C^DH^2C^I>^bC3^ 



toS-H^ 






•^ 
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• Fast Page Mode Read-Modify-Write Cycle 



RAS 



CAS 



tASR^ 



tRASC 



tRCD 



tASC^ 
tRAH 






tCAH 



, tRAD 



WE / ////// //^: 



tcp 



tRP 



tpCM 



tASO. 



Address ^xtH>©^S3^^3p^^»^^^ 



tcWD S , 



tos 



Dout 



tAA 



tcWL 



twp 



tOH 



y 



tASC I 



tcWD 



tAWD . 



d 



tAWO 
tcWD 



tWP 

1ClK 



tCAH 



M-- 



J I ^ tcAC _».__L-JCAC ^ ^ .tCAC 



tRAC 



tAA 



> — ^: 



tACP 



tRCS 

tos- 



V 



tcWL 



\n^ 



toFF-^[4^ 



IAA|-* »- -»-| 1-*- 

^ < ^ Dout N ^ 

UCP 



•^:0 
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• Test Mode Cycle 



RAS 



CAS 



WE 



Reset Normal 




•1 CBR or RA S only refresh 
*2 X///A : Don't care 
*3 Address, Din: Don't care 



• Test Mode Set Cycle 



RAS 
CAS 

WE 



tRPC i 



\ 



,*CSR_ 



. tws. 



tRC 



^ V /^ 



V 



■*-tCRP 



W///////h . ////////////////////////// 



Address ////////////////////////////////////////////y. 



Dout 



•1 \///A : Don't c 
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■ TEST MODE RESET CYCLE 
• CAS Before RAS Refresh Cycle 



RAS 



CAS ^ 



^. 



tcSR. 



WE -^- 



tws . 



tRC 



tRAS 



-X-, !bp ^V 



^tcHR^ 



:/c 









tRC 



tRAS ^ 



>: 



tRP 



tCHR 






" ^/////////7y 



^ 



Address //////////////////^///^^^^^ 

OPEN 

Dout ^ 



Note*1 \///A : Don't c 



• RAS Only Refresh Cycle 

RAS 



tRC 



J tRAS ^ I 



^ ^/////////y 



licRP^ 



Address V////////M '. 



V 



^RAH 



.« — »j Wc 



\> </////////////////////////A 



Dout 



Note *1 Refresh Address A0~A9 (AXO~AX9) 
•2 ^///^ : Don't care 




CAS Before RAS Refresh Counter Check Cycle (Read) 

RAS 



CAS 



Dout 



\ 



tcSR 



"X 



tCHR_j tRSH 

tCPT 



tASC 



Ai '/////////////y///7 z ^\ ^ )^//y//////////. 



^^ y///////y 

Din 




"WT" 



tCAS ^ 



tCAH 



twH. . tRCS 



tRAC 



■**-jtRCH 



^ 



tOFF 



> 



♦1 \////A Don't ci 
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• CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 
CAS 

Aj 
WE 

Din 
Dout 



tRP 



>K 



tcSR 



X 



tCRP 



tCHR tcPT 






twS twH . iWCS 



V//////// 




a 



tCAS 



V 



tCAH 



IDS 



toss 



m. 



W////////////A 



twCH 



tPH 



li///////////////// A 



m 



♦1 v///A Don't c 



■ 4M DRAM LOW POWER VERSION 

The specification on the low power version is the same as the standard 4 Megabit DRAM with the exception of the 
following parameters. 



Item 


Conditions 


Spec. 


Type No. 


4M X 1 


HM514100UP/LZP 


IM x4 


Temperature 


- 


0-55 °C 


Icc2 

(Standby CMOS Interface) 


RAS, CAS, WE > ^cc - 0.2V 
Other Pin > Vcc - 0.2V or < 0.2V 
(Address and Djn is Stable) 
Dou,: High-Z 


200/tA max 


Ice 10 

(Standby with CBR Refresh) 


tRc = 125/tS, tRAS ^ 1/iS 

ViLi ^ Vcc - 0-2V, V,L < 0.2V 

WE and OE = Vjh, Address and D.^ is Stable 

Dout: High-Z 


300/xA max 


Refresh 

tREF 




128ms 



♦only for IM x 4 
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HM514100JP/ZP-7 

4 Megabit DRAM 

4,194,304-Word x 1-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 
word X 1 bit. HM514100 has realized higher density, higher 
performance and various functions by employing 0.8 /tm CMOS 
process technology and some new CMOS circuit design technologies. 
The HM514100 offers Fast Page Mode as a high speed access mode. 
Multiplexed address input permits the HM514100 to be packaged in 
standard 20-pin plastic SO J and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%, -5%) 

• High Speed 

Access time 70ns (max.) 

• Low power dissipation 

—Active mode 550mW (max.) 

—Standby mode 11 mW (max.) 

• Fast page mode capability 

• 1,024 refresh cycles (16 ms) 

• 3 varia tions of refresh 
— RAS only refresh 
—CAS before RAS refresh 
—Hidden Refresh 

• Test Function 



^ 



HM514400JP Series 




HM514400ZP Series 



I PIN OUT 



I ORDERING INFORMATION 



Part No. 


Access 


Package 


HM514100JP-7 


70ns 


350 mil 20-pin 
Plastic SOJ 


HM514100ZP-7 


70ns 


400 mil 20-pin 
Plastic ZIP 



I PIN DESCRIPTION 



Pin Name 


Function 


Ao-Aio 


Address Input 


A0-A9 


Refresh Address Input 


Din 


Data-in 


DouT 


Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power (+5V) 


Vss 


Ground 



.HM514100JPSwiM 1 


pHitachiPinNo.-. 1 
Din n rt'^^bl Vss 1 


wTd 


2 25 


m Dout 


RAS D 


3 24 


U CAS 


NO Q 


4 23 


m NO 


A10 Q 


5 22 


m A9 


AO Q 


9 18 


3S1 A8 


A1 n 


10 17 


33 A7 


A2 Q 


11 16 


13 A6 


A3 


12 15 


33 A5 


Vcc Qo 


13 14 


Tl] A4 


(Top View) 1 


*HM514100ZP Series 1 


_ r^ 


1 A9 


CAS 2 


^-3 


3 Dout 


Vss < 










5 Dm 


WE 6 


*=^ 


7 RAS 


A10 8 


«=C 


9 NO 


NO 10 


=^ 


11 AO 


A1 12 


*^ 


13 A2 


A3 14 


<=^ 


15 Vcc 


A4 16 


«=^ 


17A5 


A6 18 


^^ 


19 A7 


AS 20 


l^J 




(Bottom View) | 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on any Pin 
Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage 
Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


v 


to +70 


°c 


Storage Temperature 


Tstg 


-55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vcc 


4.75 


5.0 


5.5 


V 


1 


Input High Voltage 


V,H 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


ViL 


-2.0 


- 


0.8 


V 


1 



1 . All voltage referenced to Vss 



• DC Electrical Characteristics (Ta = to +70°C, Vcc = 5V ± 10%, -5%, Vss = OV) 



Parameter 


Symbol 


HM514100-7 


Unit 


Test Condition 


Note 


Min 


Max 


Operating Current 


Icci 




100 


mA 


RAS, CAS Cycling 
tRc = "Tii" 


1,2 


Standby Current 


Icc2 


- 


2 


mA 


TTL Interface 
RAS, CAS = VjH 
Dout = High-Z 




- 


1 


mA 


CMOS Interface RAS, 
CAS > Vcc - 0-2V 
Do„t = High-Z 




RAS Only Refresh Current 


ICC3 


- 


100 


mA 


tRc = "^in 


2 


Standby Current 


ICC5 


- 


5 


mA 


RAS = V,H 
CAS = V,L 
Dout = Enable 


■ 


CAS Before RAS Refresh Current 


ICC6 


- 


100 


mA 


tRC ~ ^^^ 




Fast Page Mode Current 


ICC7 


- 


100 


mA 


tpc = min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


fiA 


OV < ViN ^ 7V 




Output Leakage Current 


Ilo 


-10 


10 


liA 


OV < VouT ^ 7V 
Dout = Disable 




Output High Voltage 


VoH 


2.4 


Vcc 


V 


High Io„t = -5mA 




Output Low Voltage 


Vol 





0.4 


V 


Low lout - 4.2mA 





NOTE: I Ice depends on output load condition when the device is selected, Ice max is specified at the output open condition 

2 Address can be changed once or less while RAS = Vil 

3 Address can be changed once or less CAS = Vih 
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• Capacitance (Ta = 25°C, Vcc = 5V ± 10%, -5%) 



NOTE: I Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = ViH to disable Dqut 



- HM514100JP/ZP-7 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address, Data-in) 


c„ 


- 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


- 


7 


pF 


1 


Output Capacitance (Data-out) 


Co 


- 


7 


pF 


1,2 



• AC Characteristics (Ta = 0°C to 70''C, Vcc = 5V ± 10%, -5% Vss = OV) 1 12, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Mm. 


Max. 


Random Read or Write Cycle Time 


tRC 


140 


- 


ns 




RAS Precharge Time 


tRP 


60 


- 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


ns 




CAS Pulse Width 


tcAS 


25 


10000 


ns 




Row Address Set-up Time 


tASR 





- 


ns 




Row Address Hold Time 


tRAH 


10 


- 


ns 




Column Address Set-up Time 


tASC 





- 


ns 




Column Address Hold Time 


tCAH 


15 


- 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


30 


ns 


9 


RAS Hold Time 


tRSH 


20 


- 


ns 




CAS Hold Time 


tcSH 


70 


- 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


- 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


16 


ms 




■ READ CYCLE 


Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Min. 


Max. 


Access Time From RAS 


tRAC 


- 


70 


ns 


2, 3, 16 


Access Time From CAS 


tcAC 


- 


25 


ns 


3, 4, 14 


Access Time From Address 


tAA 


- 


40 


ns 


3, 5, 14, 16 


Read Command Set-up Time 


tRCS 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 


ns 




Read Command Hold Time to RAS 


^RRH 





- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


- 


ns 




Output Buffer Turn-off Time 


toFF 





20 


ns 


6 
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■ WRITE CYCLE 



Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Min. 


Max. 


Write Command Set-up Time 


twcs 





- 


ns 


10 


Write Command Hold Time 


twcH 


15 


- 


ns 




Write Command Pulse Width 


twp 


15 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


- 


ns 




Data-in Set-up Time 


tDS 





- 


ns 


11 


Data-in Hold Time 


tDH 


15 


- 


ns 


11 


■ READ-MODIFY-WRITE CYCLE 


Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Min. 


Max. 


Read-Modify- Write Cycle Time 


tRWC 


170 


- 


ns 




RAS to WE Delay Time 


tRWD 


70 


- 


ns 


10 


CAS to WE Delay Time 


tcWD 


25 


- 


ns 


10 


Column Address to WE Delay Time 


UWD 


40 


- 


ns 


10 


■ REFRESH CYCLE 


Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Min. 


Max. 


CAS Set-up Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


15 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


- 


ns 




■ FAST PAGE MODE CYCLE 


Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


- 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


- 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


- 


100000 


ns 


13 


Access Time From CAS Precharge 


tACP 


- 


50 


ns 


14, 16 


RAS Hold Time From CAS Precharge 


tRHCP 


50 


- 


ns 
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I FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



- HM514100JP/ZP-7 



Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Mm. 


Max. 


Fast Page Mode Read-Modify-Write Cycle Time 


tpcM 


85 


- 


ns 




■ TEST MODE CYCLE 


Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Mm. 


Max. 


Test Mode WE Set-up Time 


tws 





- 


ns 




Test Mode WE Hold Time 


twH 


20 


- 


ns 




■ COUNTER TEST CYCLE 


Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Mm. 


Max. 


CAS Precharge Time m Counter Test Cycle 


tcPT 


40 


- 


ns 





1 AC measurements assume tx = 5ns 

2 Assumes that tRCD ^ tRCD (max) and tRAD ^ Irad (max) If tRCD or tRAD 's greater than the maximum recommended value shown m this table, tRAC exceeds the 
value shown 

3 Measured with a load circuit equivalent to 2TTL loads and lOOpF 

4 Assumes that tRCD ^ tRCD (max) and tRAD ^ Irad (max) 

5 Assumes that tRCD ^ Ircd (max) and tRAD ^ Irad (max) 

6 toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels 

7 VjH (min) and Vjl (max) are reference levels for measuring timing of input signals Also, transition times are measured between Vih and Vil 

8 Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, if tRCD is greater than the specified tRCD 
(max) limit, then access time is controlled exclusively by tcAC 

9 Operation with the tRAD (max) limit insures that Irac (max) can be met, Irad (max) is specified as a reference point only, if Irad is greater than the specified Irad 
(max) limit, then access time is controlled exclusively by tAA 

10 twcs. tRWD, tCWD and tAWD are not restrictive operating parameters They are included in the data sheet as electrical characteristics only if twcs ^ twcs (mm), the 
cycle IS an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle, if tRWD ^ tRWD (mm), tcwD S: tcwD (mm) 
and tAWD ^ tAWD (mm), the cycle is a read-modily-write and the data output will contain data read from the selected cell, if neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate 

1 1 These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a read-modify-write cycle 

12 An initial pause of 100 /^s is required after power up followed by a minimum of eight initialization cycles (RAS-only refresh cycle or CAS-before-RAS refresh cycle) If 
the internal refresh counter is used, a minimum of eight CAS-before-RAS refresh cycles is required 

1 3 tRASC defines RAS pulse width in fast page mode cycles 

14 Access time is determined by the longer of tAA or tcAC or tACP 

15 Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits— RA 10, CAIO and CAO This test mode operation can be 
performed by WE-and-CAS-before-RAS (WCBR) refresh cycle Refresh during test mode operation will be performed by normal read cycles or by WCBR refresh 
cycles When the state of eight test bits accord each other, the condition of the output data is high level When the state of test bits do not accord, the condition of the 
output data is low level Data output pin is Dout and data input pin is D,n In order to end this test mode operation, perform a RAS-only refresh cycle or a 
CAS-before-RAS refresh cycle 

16 In a test mode read cycle, the value of tRAC, tAA> tCAC and tACP is delayed for 2ns to 5ns for the specified value These parameters should be specified m test mode 
cycles by adding the above value to the specified value in this data sheet 
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■ TIMING WAVEFORM 
• Read Cycle 

RAS 



CAS 



Address 



WE 



Dout 



Early Write Cycle 

RAS 

CAS 

Address 

WE 

Din 
Dout 



n: 



'^: 



tRC 



tRAS 



tRCD 



tcSH 



N. 



tASC 



tPAD 



^>^K 



tRSH 



ZA* ^»p >\ 






,tCAH 



/ 



tRAL 



y//////////// / 



tCRP 



V 



IRCH 



tCAC 



Ua 



tRAC 



^'< /////////A 



\ °" .^ 



^ 



n: 



tASR 

2>f 



tRC 



tRAS 



tRCD 



tcSH 



tASC 



N. 



tRAH 



twcs 



tRSH 



tCAS 



14 . '"" > \ 



/ 



tCRP 



X. 



y/////////////^ 



tCAH 



^^/////////////ZTZ? 



twCH 



S tpH 



y/////////////// 



y////////////M - - % ^:7?7 7777Z^7y^. 



^ 



• Y////X ■■ Dom care 
• ' twcs2twcs (min) 
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> Delayed Write Cycle 



RAS 



CAS 



Address 



WE 



Din 



n: 



tASR 



tRC 



tRAS 



tcSH 



tRCD 



tASC 



N. 



^>^: 



tRSH 



tCAS 



'} 



' tCAH tcWL 



y///////////A 



, tRCS 



Z>^. ""■ .\ 



tCRP 



^ k^///7////////:^^ 



\ --y////////////// 



tos 



tRWL 



twp 



y/////////////////?^ r^n^ ^^^ 



^ 



•^^•Donlc 



Read-Modify-Write Cycle 
RAS 

CAS 



Din 



Dout 



\ 



tASR 



tRWC 



tRCD 



>iUja^\ 



N. 



tRAH 



Address 7?> C-'^r--, '/^77^'r^::r W//^^^^ 



tRAD 



tRCS 



^ y/////'///////A 



tRWL 



tCAh 



;'^ 



tCRP 




X. 



tAWD ^ 



tcWD 



J5^ 



\. . /////////////, 



tOH 



^^^^^^C20^^^^ 



rtcAc 



tRAC 



•^ 
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• RAS Only Refresh Cycle 

RAS 

CAS 

Address 
Dout 

• Hidden Refresh Cycle 



n: 



^ 



tCRP 



tRC 



tRAS 



>r 



tRP 



V 






W////////////////////////A 



•^ 



" Refresh Address A0-A9 
(AX0-AX9) 



RAS 



CAS 



tASR 



tRAS 



It- 



tRCD 



tRAD 



tRCS 



WE TZZ^ 



\l 



tRAS 



tCAS 



A) (Refresh) /^ ^\ (Refresh) _/' 



tcHR 



tASC 



- tcAH 



/ 



Address ^^|^^ gg ^////////^^^^^ 



. tAA 



tpAC^ 



Dout 



-*- tRCH 
tRRH 



^^^ 



-*- toFF 
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> CAS Before RAS Refresh Cycle 



RAS 



CAS 



tcSR 



,^CHR^ 



H )C 



^s v t:^^~: k 



=5 



tRC 



./ 



tCHR 



- tcSR 



Y ^^"'^ > • 



:v. 



Ac-dress /////////////////////////////////////////^^^^^ 



Dout 



OPEN 



^:0.U 



• Fast Page Mode Read Cycle 



RAS 
CAS 



^. 



Address ^[^ 



tRASC 



tcSH 



tRCD 



WE 
Dout 



Din 



WTT TTZ/ 



.^CAS, 



tpc 



.JCAS,^ 



>_j''~^^wi'';^\ 



^n AC 



^ ^RHCP ^ 



tcAS_ fCRP 



tACP 



tOFF 



^Q^^7J> ^ 



y 




-J°a 



tACP 



tOFF 



^ i^ DoutN ^> 



^:c 
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• Fast Page Mode Early Write Cycle 



RAS 
CAS 



>: 



USR 



tRASC 



>f 



tcSH 



tRCD 



Address ^ X "°^ j X^X ^ ^°'- 



tcAS 



tpc 



tcp 
■ < — >- 



tCAS tcAS 

N4t ^ttl t^S'' 

tCAH tcAH 



tCAH tASC 



twos 



wi y/////////h^ . 



. tps, 



twCH twos 



.^^ 



tOH 



M^ S 



tASC 



Josh* 



tCRP 



>®<H>^CHD^^^ 



twcs 



twCH 



2^^. 



Din ^^^c:^3^c:^Ea'^c^3<^^^ 



tos 



.^2^^ 



Dout 



•|^^^^:Don1cafe 

" twcSatwcS (mm) 



• Fast Page Mode Delayed Write Cycle 



RAS 



CAS 



\- 



tASR. 



tRASC 



tRCD 



tASC. 



i tRAH 



Address ^//^)^ f^"*^ ^^^ ^^'""'" 



WE V/////// ^ 



tcp 



_ ^_ ^^¥^ tASG^ 



tpc 



tJ^I! ^ ^"cs hr; ItRcs 



tRP 

SI 



tCRPu 




V 



tCAH 






Din ^^^^z>ce>^2^:3^2h:3<^ 



twfL 



>a^ 



_tpH 



•^. 
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• Fast Page Mode Read-Modify-Write Cycle 



RAS 



tRASC 



CAS 



Address Y/?/^^ 



. tpAD 



WE y///////y ^] 



Dout 



tAA 



tcWL 

twp. 



hziy{ 



tpH 






tcWD 



UWD. 



tRCS 



^: 



twp 



tAWD 
tcWD 



tPH 



/' 






tRAC 



:^L 



tAA 



tOFFn 



tRCS 



tAA 




tOH 



NH:^ 



>■ 



F-»-|-U- 



'"—^ toFF 




■^.n 
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■ TEST MODE CYCLE 



RAS 



CAS 



WE 



Reset Normal 

mode 




•1 CBR or RA S only refresh 
*2 \///A : Don't care 
*3 Address, Dm: Don't care 



• Test Mode Set Cycie 



RAS 
CAS 



y 



tRPC 






\ 



WE '/////////>, . 



tws 



tRC 



tcHR 



tRP 



tWH 



y. 



^^ 



V 



-tRAS 



////////////////////////// 



Address ///////////////////////////////////////////A 



Dout 



Note*1 X///A Don't c 
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> Test Mode Reset Cycle 
• CAS Before RAS Refresh Cycle 



RAS 
CAS 



y. 



^. 



tcSR.^ 



tRAS 



>: 



:s r > Er:v 



y — t : 



tRPC 






Jws^ 



tpc 



tCHR 



^ 



_tCSR_^ 



.tWH. 



W/////////^ 



Address y///////////////////////////////////////////////. 



Dout 



Note*1 x/y/A Don't care 



• RAS Only Refresh Cycle 



tRC 



RAS 



\ 



^s y////////M 



, *CRP 



Address V///////M 



tRAS 



;a 



V 



%^/////////////A 



\ ^////////////////////////A 



Dout 



Note *1 Refresh Address A0~A9 (AXO~AX9) 
*2 X/Z/A Don't care 




• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



CAS 



Dout 



\ 



tcSR 



"X 



tCHR_, , _ tRSH 

, tcPT 



tASC 



Ai y////////////////zy7;^ 

. 'WS iWH . . 'RCS 



WE y//////A 

Din 




N^' 



\ Iff" J" 



tCAH 



tAHR 



y/y//y/y//y/yy/. 



--e^tRCH 



ICAC 



■< 



^ 



■,^ 
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• CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



CAS 



>K 



tcSR 



N 



/ 



tCHR tcPT 



H: 



A, y///////////y////z^ ', 

tws I twH , twCS 



WE y/////// / 



Its ^ 



a 



tCAS 



V 



tCAH 



Din 
Dout 



toss 



m 



y//////////////, 



twCH 



^////////////////A 



tOHH 



M 



•1 Y////a : Don't c 



I 4M DRAM LOW POWER VERSION 



The specification on the low power version is the same as the standard 4 mg DRAM with the exception of the 
following parameters. 



Item 


Conditions 


Spec. 


Type No. 


4M X 1 


HM514100UP/LZP 


IM X4 


Temperature 


- 


0-55 °C 


ICC2 

(Standby CMOS Interface) 


RAS, CAS, WE > Vcc - 0.2V 
Other Pm > Vcc - 0-2V or < 0.2V 
(Address and Din is Stable) 
Dout: High-Z 


200^A max 


Ice 10 

(Standby with CBR Refresh) 


tRc = 125/ts, tRAs ^ l/*s 

Vu^i > Vcc -0.2V, V,L^ 0.2V 

WE and OE = Vjh, Address and D,n is Stable 

Dout: High-Z 


300|iA max 


Refresh 

tREF 


- 


128ms 



♦only for IM x 4 
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HM514100LJP/LZP-8/10/12 low Power 
4,194,304-Word x 1 -Bit Dynamic Random Access Memory 
■ DESCRIPTION 

The Hitachi HM514100 is a CMOS dynamic RAIVI organized 
4,194,304 word x 1 bit. HM514100 has realized high density, higher 
performance and various functions by employing 0.8 iim CMOS 
process technology and some new CMOS circuit design technolo- 
gies. The HM514100 offers Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514100 to be packaged 
in standard 20-pin plastic SOJ and 20-pin plastic ZIP. 



Version 



■ FEATURES 

• Single 5V(± 10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 1,024 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS-Only Refresh 
CAS-Before-RAS Refresh 
Hidden Refresh 

• Test Function 

• Battery Back Up Operation 

■ ORDERING INFORMATION 



.80/100/120ns (max.) 



.495/440/385mW (max.) 
11mW(max.) 



HM514100UP Series 




(CP-20D) 



HM514100LZP Series 




(ZP-20) 



.(16ms) 



Part No. 


Access Time 


Package 


HM514100LJP-8 

HM514100LJP-10 

HM514100LJP-12 


80ns 
100ns 
120ns 


350 mil 20 pin 
Plastic SOJ 
(CP-20D) 


HM514100LZP-8 

HM514100LZP-10 

HM514100LZP-12 


80ns 
100ns 
120ns 


400 mil 20 pin 

Plastic ZIP 

(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao ~ A,o 


Address Input 


Aq ~ A9 


Refresh Address Input 


Din 


Data-in 


Dqut 


Data-Out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power (+5V) 


Vss 


Ground 



■ PIN OUT 










HM514100UP Series 


r- Hitachi Pin No.--, 
JEDEC Pin No. 


Din ic'ft^S'leftlao Vss 


WE 2C 


2 25 


]19 Dout 


RAS 3C 


3 24 


] 18 CAS 


NC 4[ 


4 23 


]17 NC 


A10 5C 


5 22 


3 16 A9 


Ao 6[ 


9 18 


]15 A8 


Ai 7[ 


10 17 


314 A7 


A2 8[ 


11 16 


313 A6 


A3 9C 


12 15 


312 A5 


VcclOC 


13 14 


311 A4 


(Top View) 


HM514100LZP Series 




C^ 


1 A9 


CAS 2 


^C 


3 Dout 


Vss 4 


^c 


5 Din 


WE 6 


^^ 


7 RAS 


A10 8 


^=SI, 


9 NC 


NC 10 


^c 


11 Ao 


Al 12 


*^c 


13A2 


A3 14 


^c 


15 Vcc 


A4 16 


^c 


17 As 


A6 18 


'=^ 


I9A7 


A8 20 


^ 




(Bottom View) 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


^out 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


^opr 


Oto +70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T^ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


ViL 


-2.0 


— 


0.8 


V 


1 



NOTE: 1. All voltage referenced to Vss- 



■ DC ELECTRICAL CHARACTERISTICS (T^ = to +70°C, V 


cc = 5V rt 10%, Vs5 


= 0V] 








Parameter 


Symbol 


Test Conditions 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Mm. 


Max. 


Min. 


Max. 


Operating Current 


Ice. 


RAS, CAS Cychng t^c = Min. 


- 


90 


- 


80 


- 


70 


mA 


1,2 




Icc2 


TTL Interface RAS, CAS = V,h, 
DouT = High-Z 


- 


2 


- 


2 


- 


2 


mA 




Standby Current 


CMOS Interface RAS, CAS and 
WE > Vcc -0-2V or < 2V, 
Address and D,„: Stable, 
DouT = High-Z 


- 


200 


- 


200 




200 


fiA 




RAS-Only 
Refresh Current 


ICC3 


tRc = Min. 


- 


90 


- 


80 




70 


mA 


2 


Standby Current 


IcC5 


RAS = V,H, CAS = VjL, 
Dqut = Enable 


- 


5 


- 


5 




5 


mA 


1 


CAS-Before-RAS 
Refresh Current 


ICC6 


tRc = Mm. 


- 


90 


- 


80 


- 


70 


mA 




Fast Page 
Mode Current 


ICC7 


tpc = Min. 


- 


90 


- 


80 


- 


70 


mA 


1,3 


Battery Back Up 
Operating Current 
(Standby with CBR 
Refresh) 


Ice 10 


tRc = 125 ,xs, tRAs ^ I /^s 
Vcc - 0.2V < V,H < 6.5V, 
OV < ViL < 0.2V, 
WE = VjH, Address and 
D,„: Stable, D„„, = High-Z 


- 


300 


- 


300 


- 


300 


M 




Input Leakage Current 


Ili 


OV < V,N < 7V 


-10 


10 


-10 


10 


-10 


10 


liA 




Output Leakage Current 


Ilo 


OV < VouT ^ 7V, 
Dqut - Disable 


-10 


10 


-10 


10 


-10 


10 


Ilk 




Output High Voltage 


VoH 


High louT = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low Iquj = 4.2mA 





0.4 





0.4 





0.4 


V 





NOTES: 1 . Ice depends on output load condition when the device is selected, Ice niax. is specified at the output open condition. 

2. Address can be changed once or less while RAS = Vil. 

3. Address can be changed once or less while CAS = Vjh. 
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I CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Ci, 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-Out) 


Co 


— 


7 


pF 


1,2 



NOTE: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS (T^ = 0°C to 70°C, Vcc = 5V ± 10%, Vss = OV) (», (12), (15) 
• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period ^ 


tREF 


— 


128 


— 


128 


- 


128 


ns 






Read Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2,3,16 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3, 4, 14 


Access Time from Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3, 5, 14, 16 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-Off Time 


toFF 





20 





25 





30 


ns 


6 
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Write Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twcH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


20 


— 


25 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read-Modify-Write Cycle Time 


tRWC 


180 


— 


210 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


100 


— 


120 


— 


ns 


10 


CAS to WE Delay Time 


^CWD 


25 


— 


25 


— 


30 


— 


ns 


10 


Column Address to WE Delay Time 


UWD 


40 


— 


45 


- 


55 


- 


ns 


10 



• Refresh Cycle 




















Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time 
(CAS-Before-RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS-Before-RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 





• Fast Page Mode Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


- 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


13 


Access Time from CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


14,16 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


- 


ns 





Fast Page Mode Read-Modlfy-Write Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Read-Modify-Write 
Cycle Time 


tpcM 


85 


- 


85 




100 


- 


ns 
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Test Mode Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


tWH 


20 


— 


20 


— 


20 


— 


ns 




• Counter Test Cycle 


Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Precharge Time 
in Counter Test Cycle 


tcPT 


40 


- 


50 


- 


60 


- 


ns 





NOTES: 1. 

2. 

3. 
4. 
5. 
6. 



16. 



AC measurements assume tj = 5ns. 

Assumes that Ircd ^ Ircd (max.) and Irad ^ Irad (max.). If Ircd or Irad is greater than the maximum 

recommended value shown m this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

Assumes that tRCD ^ Ircd (max.), tRAD ^ Irad (max.). 

Assumes that tRCD ^ Ircd (max.), tRAD ^ Irad (max.) 

toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 

ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 

measured between Vih and Vil- 

Operation with the tRCD (max.) limit insures that tRAC (max.) can be met, tRCD (max.) is specified as a reference 

point only, if tRco is greater than the specified Ircd (max.) limit, then access time is controlled exclusively by tcAC 

Operation with the tRAD (max.) limit insures that tRAC (max.) can be met, tRAD (max.) is specified as a reference 

point only, if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled exclusively by tAA- 

twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs ^ twcs (min.), the cycle is an early write cycle and the data out pin will remain open 

circuit (high impedance) throughout the entire cycle; if tRWD ^ Irwd (min.), tcwD ^ tcwD (min.) and tAWD ^ Iawd 

(min.), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of 

the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge m a delayed 

write or a read-modify-write cycle. 

An initial pause of 100 ^s is required after power up followed by a minimum of eight initialization cycles (RAS-only 

refresh cycle or CAS-before-RAS refresh cycle). If the internal refresh counter is used, a minimum of eight 

CAS-before-RAS refresh cycles is required. 

tRASC defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tcAC or tACP- 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits— RAjo, CAio 

and CAo- This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh 

during test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of 

eight test bits accord each other, the condition of the output data is high level . When the state of test bits do not 

accord, the condition of the output data is low level. Data output pm is Dout and data input is D,n. In order to end this 

test mode operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of tRAC, Iaa, tcAC and tACP is delayed for 2ns to 5ns for the specified value. 

These parameters sould be specified m test mode cycles by adding the above value to the specified value in this data 

sheet 
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• Read Cycle (1) 



RAS 



CAS 



n: 



tASR 



tpc 



tRAS 



tpCD 



tcSH 



tRAH , 



'\ 



tASC 



tpAD 



IRSH 



^'Cj^\ 



tCAS 



,tCAH 



/ 



tRAL 



Ad*,ss y^ T^^, ',^77;i^;^:^,> <'///////////////////, 



WE v///////////// 



Dout 



.tRCS^ 



tCRP 



X 



tCAC 



tAA 



tRAC 



tpRH 



^ ^////////A 



tOFF 



<^ Pout ^ 



^:Don-t 



n't care 



• Early Write Cycle (2) 



RAS 



CAS 



n: 



tASR 



tRC 



tRAS 



tRCD 



tcSH 



tASC 



N. 



tRAH 



tRSH 



tCAS 



^ 4- '"' -X 



/ 



tCRP 



X 



twcs 



WE y/////////////M 



IDS 



Din 
Dout 



tCAH 



twCH 



^ tpH 



. ////////////////. 



y/////////////^ Oin W // ///////////, 



Open ** 



** twcs 2: twcs (min) 
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• Delayed Write Cycle (3) 



RAS 



CAS 



n; 



tASR 



tRC 



tRAS 



tcSH 



tRCD 



tASC 



N. 



tRAH 



tRSH 



tCAS 



^ 



tcAH tcWL 
1-^ ^ 



A«- z^ T^^, ,^^77^':^^^^r ^//////////////////, 



/ 



^4- '■' -X 



tCRP 



X 



WE y///////////// ' 



Din 






tRWL 



twP 



-\ -^/////////////A 



* Y////X : Don't care 
• Read-Modify-Write Cycle (4) 

RAS 



X 



CAS 



tASR 



tRWC 



tRCD 



tRAH 



N. 



tASC^ 



Address ^ ^ ROW ^ K^^^^— ^^ ^ 



tRAD 



tRCS 



WE 



y////////////// 



tCAH 



tRWL ^ ' 



IRWL^ 



tcWL 

'DA 



tCRP 




X 



tAWD 



tcWD 



tRWD 



D,„ yy/////////////; 77P?>c^^%^ ///////////A 



Dout 



^tDS^ 



tWP 



\. . ///////////////, 



tDH 



tCAC 

Ua 



tRAC 



< 



Dout 



> 



* OO^y/X ' ^^^'^ care 
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• RAS-Only Refresh Cycle (5) 



RAS 



^. 



tCRP 



5S ^^P 



Address 
Dout 



^: 



tASR 

-< ^ 



tRC 



tpAS 



:4 



tpp 



tRPC 



X 




V////////A 



■/ 



tRAH 



Row 



^/////////////////////////x 

OPEN 



* \////X • ^°"'* ^^''® 

** REFRESH ADDRESS: A0-A9 

(AX0-AX9) 



Hidden Refresh Cycle (6) 



RAS 



CAS 



tASR 



Address 



WE 



tRC 



tRCD 



tRAD 

< >- 



tRAH" 



5>fc 



Wi 



tRCS 



^^ 



>: 



tRP 

-< >■ 



^ ^"AS ^1 ^ ^ [ ^ tRAS ^1 „ . tRAS ^ . 

(Read) /] ^ (Refresh) / '' \ (Refresh) ./' 



. tRSH 



tASC 



Column 



■tCAH 



Ua 



tRAC. 



Dout 



-^tcAC 



< 



tCAS 



tCHR 



Dout 

-5h 



< '»p > 



?' 




^C3^ 



<- tRCH 
tRRH 



^^ 



-tOFF 



> 



*1 ^^^ : Don't 



tcare 
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• CAS-Before-RAS Refresh Cycle (7) 



RAS 



CAS 



Address 



tcsR 



tpc 



tRAS 



;CHR 



^s y\ '" :\ K 



tRPC 




tpc 



tRAS 



tCHR 



•tcSR 



tRP 



tCRP 



r 



//////////////////////////////////////^Z^Z^A 



Dout 



OPEN 



" Y/Z/A : Don't care 
WE :V|H 



• Fast Page Mode Read Cycle (8) 



RAS 



CAS 



>. 



Address 



WE 



Dout 



M 



tASR 



tRASC 



tcSH 



tRCD 



tRAD 



tASC^ 
tRAH ^ 



Row 



Ym 



tCAS 



\^' 



tCAH 



Column t 



tpc 



hA- 



tASC 
l-O" 



yy/yy/yj ^ 



tRCS 



tRCH 



tCAC 
■< — ► 



^3a_^ 



tRAC 



J^^^ 



tCAH 



tRHCP 



tRSH 



y. 



Column 2 
Trcs 

tRCH 






tOFF 
< — ► 



C°3> — c 



tASC ^c 
< — ►! ^ 



tRAL 



tRC$ 



w 



tRP 



tCAS^ 



Y 



CAH 




tCRP 



'^^^■ ^yyy/yy////, 



tCAC 

■< — ^ 



< ^^^ » 



tOFF 



Dout 2 



tACP 



tRRH 



-tRCH 



^ 



tOFF 



) j ^ DoutN ^ > 



\////\ : Dont care 
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• Fast Page Mode Early Write Cycle (9) 
RAS 



>: 



CAS 



tASR 



tRASC 



tcSH 



..— IBCD tcAS 



tRAH tASC 



tpc 



<^^P » 



twcsl J 



WE V/////////A, 

1^ tps 



Address ?»p:ni^?>^n:rn^??^r^=:^i<?^ n^^^n^/^^^^ 



tCAS 



N^''' 'sz;^' -^i:^' 

tCAH tcAH 

C tcAH tASC \ tASC P~ 



DJn 



Dout 



twCH twcS 



.(^^ 



tOH 



„tgs^ JDH 



^'f 



_ tcRP 

tCAS 

-^ >- 



twCH 



twcs 



.^. 



^^^CZCi^CED-^CZC^^^ 



toS toH 



twCH 



. mm^/. 



Open" 



^: 



; Don't care 



twcsi twcs(min) 



Fast Page Mode Delayed Write Cycle (10) 



RAS 



CAS 



N. 



USR^ 



tRASC 



tRP 



tRCD 



^. *ASC_^ 



tRAH 



tCAH 



WE TZZZZZZZ/^ 



tcp 

"< ^ 



tRWL 



tpc 



'-^^^^^^^^'x 



tASC, 



Address ^^r^>^."°'"""^> ^7^^ 

I M I tcWL 'l' I ftcWLl 



h3^ 



tos 



tCAH 



^ tpH.^ 



Din 



tcWL 



tRCS 



tan 



tcRP 



/ 



tCAH 



^^^^>C3^S<3^^C3^ 



M* 



tos^^ 



V 



twp 



tOH 



X////\ ' Don't care 
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Fast Page Mode Read-Modify-Write Cycle (11) 



RAS 



CAS 



^; 



tASR, 



Address ^/X^. Row 



tRASC 



tRP 



tRCD 

■< ► 



-*- ^Asc^ 



tRAH 



Din 



Dout 



_ tRWD 



tCAH 



tRAD 



WB ^//////// '^' 




tcp 

-< ► 



tpCM 



tRWL 



tCAH tASC I 



tASC. 



H5^^£3p<^^SBN^^Z 



Jawd^::?^ 



tcwoS, 



tcWL 



twp^ 



tOH 



tAA 



r 



tcWL 



tcWD 



tAWD, 



tRCS 



twp 

-< — ► 



tAWD 
tcWD 



'\Z^' 



tOH 



tCRP 



/' 



tCAH 



^^^^cy^>fc3^js^ 



tRAC 



< 



, tcAC 



tAA 



tDS|^ 



Douti 



tOFF- 



) — < 



tACP 



JCAC 



tRCS 

tos-^ 



tAA 



V 



tcWL 



J^ 



tOH 



'<zmi 




Dout 2 



tOFF- 



> < DoutN ^ 



tACP 



tCAC 



tOFF 



y///X ' Don't care 
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• Test Mode Cycle 



RAS 



CAS 



WE 



Reset Normal 

Cycle *1*3 mode 




*1 CBR or R AS only refresh 
*2 \///A : Don't care 
*3 Address, Din: Don't care 



• Test Mode Set Cycle (1) 



RAS 



CAS 



/: -^ r / "\ 



tRPC 



\ 



^CSR 

-^ >■ 



WE 



y///////A . 



tws 

< >- 



tRC 



tRAS 



JCHR^ 



tRP 

^ _ ^ 



JWH 



/ v// 



RPC 



-tCRP 



. ////////////////////////// 



Address 



V////////////////////////////////////7777777}. 



Dout 



OPEN 



Note*1 \///A :Dont< 
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• Test Mode Reset Cycle (2) 



RAS 
CAS 



y. 



tRPC 



^: 






tRC 



WE ^ 




tRAS 



, tcHR , 



x\ '"" .^ r Y \ '"" >v 



tWH^ 



:/iix: 



tRPC 



tcSR 



< --"■'> 



Jws. 



■ ^//////// 



tRC 



tRAS 



tcHR 



twH, 



y 



*i£3^ 




v//////////. 



Address 



Dout 



y//////////////////////////////////////////////A 



OPEN 



Note*1 \ ///A : Don't ( 



RAS-Only Refresh Cycle 




RAS 



tRC 



^czr;/ 



ss y////////A 



^^^^M 



'ASR 



tRAS 



tRP 



V 



-< — > ^RPC 



iRAH 



V//////////////, 



«drsss W///////M ^^:^ //////////////////////////A 



Dout 



OPEN 



Note *1 Refresh Address AO-AQ (AX0-AX9) 
*2 \///A : Don't care 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pi(wy. • Brisbane, CA 94005-1819 • (415) 589-8300 895 



HM514100LJP/LZP-8/10/12 



• CAS-Before-RAS Refresh Counter Check Cycle (READ) 
RAS 



\ 



tcSR 



CAS 



X 



tcHR_| _ tRSH 

tCPT 



)r^\ 



tASC^ 



. tws twH. tRCS -«^tor.u 



WE 
Din 

Dout 




Z 



^\z^' 



tRP 



q tcRP T" 



tCAS 



tCAH 



Hi-Z 



tRAC 



Jahr 



ICAC 



tAA 



Hi-Z 



■< 



^^ 



tOFF 



Dout 



> 



1 Y////X iDonK 



CAS-Before-RAS Refresh Counter Check Cycle (WRITE) 



RAS 



CAS 



>K 



tcSR 



^. 



tCHR tcPT 



tASC^ 



tws I I twH . twCS 



tRSH 



tRP 



/ :"\ 



tCRP 



tCAS 



tCAH 



tws j l^twH" 

WE v//////// Wi 



DS 



toss 



Din 
Dout 



m. 



=E3^^^^ 



twCH 



tpH 



K//////////////////, 



tOHH 



Din 



~m 



OPEN 



f?^^ :Dont< 
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4 Megabit DRAM 

1,048,576-Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514400 is a CMOS dynamic RAM organized 1,048,576 
word X 4 bit. HM514400 has realized higher density, higher 
performance and various functions by employing 0.8 /tm CMOS 
process technology and some new CMOS circuit design technologies. 
The HM514400 offers Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514400 to be packaged in 
standard 20-pm plastic SOJ and 20-pJn plastic ZIP. 

■ FEATURES 

• Single 5V(± 10%) 

• High Speed 

Access time 80ns/100ns/120ns (max.) 

• Low power dissipation 

—Active mode 495mW/440mW/385mW (max.) 

—Standby mode 11 mW (max.) 

• Fast page mode capability 

• 1,024 refresh cycles (16 ms) 

• 3 variat ions of refresh 
— RAS only refresh 
—CAS before RAS refresh 
—Hidden Refresh 

• Test Function 

■ ORDERING INFORMATION 



^W^ 



HM5I4400JP Series 




HM514400ZP Series 



I PIN OUT 



Part No. 


Access 


Package 


HM514400JP-8 
HM514400JP-10 
HM514400JP-12 


80ns 
100ns 
120ns 


350 mil 20-pin 
Plastic SOJ 


HM514400ZP-8 
HM514400ZP-10 
HM514400ZP-12 


80ns 
100ns 
120ns 


400 mil 20-pin 
Plastic ZIP 



■ PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A0-A9 


Refresh Address Input 


1/0,-1/04 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


Vcc 


Power (+5V) 


Vss 


Ground 



• HM514400JP S«rias 1 


r- Hitachi Pin No. ~, 1 
1 JEDECPinNo. 1 1 

l/Oi 1 Cri^^^^l6ft]20 Vss 1 


l/Oz 2C 


2 25 


]19 I/O4 


WE 3C 


3 24 


]18 I/O3 


RAS4C 


4 23 


]17 CAS 


A9 5[ 


5 22 


]16 OE 


AO 6[ 


9 18 


]15 A8 


A1 7[ 


10 17 


314 A7 


A2 8[ 


11 16 


]13 A6 


A3 9[ 


12 15 


]12 A5 


Vcc10[ 


13 14 


]11 A4 




(Top View) 1 


.HM514100ZP Series | 




r"0^ 


1 OE 


CAS 2 


^^ 


3 I/O3 


I/O4 4 


*m_. 


5 Vss 


I/O1 6 


«"~ 








7 I/O2 


WE 8 


^■Tl_, 


9 RAS 


A9 10 


^=^ 


11 Ao 


Ai 12 


^%=> 


13 A2 


A3 14 


«=^ 


15 Vcc 


A4 16 


^=S_, 


I7A5 


Ae 18 


*=&!, 


19 A7 


Aa 20 


^^ 




(Bottom View) 1 
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HM514400JP/ZP Series - 



I ABSOLUTE MAXIMUM RATINGS 



Parameter 


Synfibol 


Value 


Unit 


Voltage on any Pin 
Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage 
Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


Tstg 


-55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = to +70'*C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


(I/O Pin) 


ViL 


-1.0 


- 


0.8 


V 


1 


(Others) 


V,L 


-2.0 


- 


0.8 


V 


1 



NOTE: 1 All voltage referenced to Vss 

• DC Electrical Characteristics (Ta = to +70°C, Vcc = 5V ± 10%, Vss = OV) 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Test Condition 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Icci 


- 


90 


- 


80 


- 


70 


mA 


RAS, CAS cycling 
tRc - niin 


1,2 


Standby Current 


Icc2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = VjH 
Do„, = High-Z 




- 


■ 


- 


■ 


- 


' 


mA 


CMOS Interface RAS, 
CAS > Vcc - 2V 
Dout = High-Z 




RAS Only Refresh Current 


Icc3 


- 


90 


- 


80 


- 


70 


mA 


tRC ~ "^'^ 


2 


Standby Current 


ICC5 


- 


5 


- 


5 




5 


mA 


RAS = V,H 
CAS = ViL 
Dout = Enable 


1 


CAS Before RAS Refresh Current 


ICC6 


- 


90 


- 


80 


- 


70 


mA 


tRc = niin 




Fast Page Mode Current 


ICC7 


- 


90 


- 


80 


- 


70 


mA 


tpc = mm 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


M 


OV < V,N < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


/.A 


OV < VouT ^ 7V 
Dout = Disable 




Output High Voltage 


Vqh 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High lout = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low lout = 4.2mA 





NOTE: 1 Ice depends on output load condition when the device is selected. Ice max is specified at the output open condition 

2 Address can be changed once or less while RAS = Vil 

3 Address can be changed once or less while CAS = Vih 
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- HM514400JP/ZP Series 



• Capacitance (Ta = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Ci, 


- 


5 


pF 


1 


Input Capacitance (Clocks) 


C,2 


- 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Ci/o 


- 


10 


pF 


1,2 



NOTE: 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = ViH to disable DouT 



AC Characteristics (Ta = to 70 
Read, Write, Read-IVIodify-Write 



'C, Vcc = 5V ± 10%, Vss = OV) 1, 14, 15, 16 
and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Mm. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


150 


- 


180 


- 


210 


- 


ns 




RAS Precharge Time 


tRP 


60 


- 


70 


- 


80 


- 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-up Time 


USR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


tcAH 


15 


- 


20 


- 


25 


- 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


- 


25 


- 


30 


- 


ns 




CAS Hold Time 


tcSH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


- 


10 


- 


10 


- 


ns 




OE to Din Delay Time 


ktDD 


20 


- 


25 


- 


30 


- 


ns 




OE Delay Time From Din 


tozo 





- 





- 





- 


ns 




CAS Set-up Time From Din 


tozc 










- 





- 


ns 




Transition Time (Rise and Fall) 


tj 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


16 


- 


16 


- 


16 


ms 
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READ CYCLE 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM51400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


2, 3, 17 


Access Time From CAS 


tCAC 


- 


25 


- 


25 


- 


30 


ns 


3, 4, 13 


Access Time From Address 


tAA 


- 


40 


- 


45 


- 


55 


ns 


3, 5, 13, 16 


Access Time From OE 


tOAC 


- 


25 


- 


25 


- 


30 


ns 




Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer Turn-off Time 


tOFFl 





20 





25 





30 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





20 





25 





30 


ns 


6 


CAS to D,N Delay Time 


tCDD 


20 


- 


25 


- 


30 


- 


ns 





I WRITE CYCLE 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max 


Mm. 


Max. 


Min. 


Max. 


Write Command Set-up Time 


twcs 





- 





- 





- 


ns 


10 


Write Command Hold Time 


twcH 


15 


- 


20 


- 


25 


- 


ns 




Write Command Pulse Width 


twp 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


25 




25 


- 


30 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


- 


25 


- 


30 


- 


ns 




Data-in Set-up Time 


tos 





- 





- 





- 


ns 


11 


Data-m Hold Time 


^DH 


15 


- 


20 


- 


25 


- 


ns 


11 



READ-MODIFY-WRITE CYCLE 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Mm. 


Max. 


Mm. 


Max. 


Read-Modify-Write Cycle Time 


tRWC 


210 


- 


245 


- 


285 


- 


ns 




RAS to WE Delay Time 


tRWD 


110 


- 


135 


- 


160 


- 


ns 


10 


CAS to WE Delay Time 


tcwD 


55 


- 


60 


- 


70 


- 


ns 


10 


Column Address to WE Delay Time 


UWD 


70 


- 


80 


- 


95 


- 


ns 


10 


OE Hold Time From WE 


tOEH 


25 


- 


25 


~" 


30 


- 


ns 





REFRESH CYCLE 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Mm. 


Max. 


Mm. 


Max. 


CAS Set-up Time 

(CAS Before RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


ns 
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- HM514400JP/ZP Series 



FAST PAGE MODE CYCLE 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Mm. 


Max. 


Mm. 


Max. 


Mm. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


- 


55 


- 


65 


- 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


- 


10 


- 


15 


- 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


ns 


12 


Access Time From CAS Precharge 


Ucp 


- 


50 


- 


50 


- 


60 


ns 


13, 17 


RAS Hold Time From CAS Precharge 


tRHCP 


50 


- 


50 


- 


60 


- 


ns 




Fast Page Mode Read-Modify-Wnte 
Cycle Time 


tpCM 


105 


- 


110 


- 


130 


- 


ns 




■ TEST MODE CYCLE 


Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Mm. 


Max. 


Mm. 


Max. 


Min. 


Max. 


Test Mode WE Set-up Time 


tws 





- 





- 





- 


ns 




Test Mode WE Hold Time 


twH 


20 


- 


20 


- 


20 


- 


ns 




■ COUNTER TEST CYCLE 


Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Precharge Time in Counter 
Test Cycle 


tcPT 


40 


- 


50 


- 


60 


- 


ns 





1 AC measurements assume tj = 5ns 

2 Assumes that tRCD ^ tRCD (max) and Irad ^ tRAD (max) If tRCD or Irad is greater than the maxmium recommended value shown m this table, Irac exceeds the 
value shown 

3 Measured with a load circuit equivalent to 2TTL loads and l(X)pF 

4 Assumes that tRCD ^ tRCD (max) and tRAD ^ Irad (max) 

5 Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max) 

6 toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels 

7 ViH (mm) and Vil (max) are reference levels for measuring timing of input signals Also, transition times are measured between Vjh and Vjl 

8 Operation with the tRCD (max) limit insures that Irac (max) can be met, tRCD (max) is specified as a reference point only, if tRCD 's greater than the specified tRCD 
(max) limit, then access time is controlled exclusively by tcAC 

9 Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, if Irad 's greater than the specified tRAD 
(max) limit, then access time is controlled exclusively by Iaa 

10 twcs. tRWD, tcWD and tAWD are not restrictive operating parameters They are included m the data sheet as electrical characteristics only if twcs ^ twcs (mm), the 
cycle IS an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle, if tRWD ^ tRWD (mm), tcwD 2: tcw~ nin) 
and tAWD ^ tAWD (mm), the cycle is a read-modify-write and the data output will contain data read from the selected cell, if neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate 

1 1 These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a read-modify-write cycle 

12 tRASC defines RAS pulse width m fast page mode cycles 

13 Access time is determined by the longer of Iaa or tcAC or tACP 

14 An initial pause of 100 /ts is required after power up followed by a minimum of eight initialization cycles (RAS-only refresh cycle or CAS-before-RAS refresh cycle) If 
the internal refresh counter is used, a minimum of eight CAS-before-RAS refresh cycles is required 

15 In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device 

16 Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits— CAO This test mode operation can be performed by 
WE-and-CAS-before-RAS (WCBR) refresh cycle Refresh during test mode operation will be performed by normal read cycles or by WCBR refresh cycles When the 
state of eight test bits accord each other, the condition of the output data is high level When the state of test bits do not accord, the condition of the output data is low 
level Data output pm is 1/03 and data input pin is I/02 In order to end this test mode operation, perform a RAS-only refresh cycle or a CAS-before-RAS refresh 
cycle 

17 In a test mode read cycle, the value of tRAC' ^AA, tOAC and Iacp is delayed for 2ns to 5ns for the specified value These parameters should be specified in test mode 
cycles by adding the above value to the specified value in this data sheet 
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■ TIMING WAVEFORM 
• Read Cycle 

RAS 



CAS 



Address 
WE 

Dout 
Din 

OE 

• Early Write Cycle 
RAS 

CAS 

Address 

WE 

Din 
Dout 



n: 



tASR 



^: 



tRC 



tRAS 



N. 



tRAD 



tRAH ^ASC 



^x^H 



tRSH 



tCAS ^ 



tcSH 



tRAL 



/ 



y////////////, 



L^lRCS, 



tRAC 



tpzc 



^A. '"- .\ 



V 



\> <///////////> < 



tCAH 



^_JCAC_^ 



_Jaa 



tOAC * 



V////////A 



y///////////////////A., ////////////////. 



tRCH^ 



, tRRH _ 



tOFFi 

: >» 



^^^^ 



tCDD 



tODD 



</////////// 



■^^ 



n: 



tASR 



tRC 



tRAS 



tRCD 



tcSH 



N. / 



tRAH 



tASC 



y^\ 



tRSH 



tCAS 



ZA- '"^ .\ 



tCRP 



V///////////A 



twcs_ 



IDS 



y////////////M 



\> <^77777P7?> <: 



tCAH 



twcH 



tpH 



y/////////////// 



w//////////////, 



* OE : Doni care 

•^^•Dontcare 
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Delayed Write Cycle 

RAS 

CAS 



n: 



tRAS 



tcSH 



^RCD 



>. 



tASC. 



Jrcs. 



tCAH 



Address Y//?^ C »°^ J ^^ s commn 



tcWL 



tRWL 



Din y/////////A > 



tozo 



. ^DZC^ 



tos 



Dout 



oi V//////////?9^////^ 




y .^^ 



tCRP 



"V 



\ ^////////////y/. 



twp 



N~ ////////////////Z 



-* ^ 



JODD 



<?<^^, X////////////////. 



tOEH 






Read-Modify-Wrlte Cycle 

RAS 



CAS 



^. 



tASR 



Address Y////^ ^ 



tRCD 



1' 'w :i 



%. 



tRAD 



tRAH 



>0< 

tRCS 



WE ^///////////// / 



y 



tRWD 



tRAC 



Dout 



■ ^DZC. 




X. 






tAWD 



tAA 



tOAC 

tozo 



OE 



y////////////A ^ 



eVjAC ^S^^ 



M 



dB- 






tOFF2 



y' 



JoDD 



^^—y/////////^^/. 



tOEH 



• v/yy/A : Don't care 
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• RAS Only Refresh Cycle 

RAS 

CAS 



^: 



^ 



.tCRP 



tASR 



tRC 



tRAS 



If 



V 



JRES^ 



tRAH 



Address 7/? ^ ^ W////////////////////////A 

Dout 

*OE. WE: Don't care 
• v///A Don't care 



•* Refresh Address- A0~A9 
(AX0~AX9) 



Hidden Refresh Cycle 



RAS 



CAS 



tASR 



tRC 



tRAS 






tRAD 



tRAH ■ 



Dout 



WE ^^ 



tRAC 



^: 



tRAS 



T\ (Refresh) / " \ (Refresh) /*^ 



tRAS 



tCHR 



tASC 

"*" tcAH 



Din ^. 



, tpzc 



—iep-^ 



y 



Address 3<^C^g ^ 



tAA^ 



, tpzo. 



OE VPTTZTTM. 



"^-tcAC 



Dout 
— ii- 



• tRCH 



tOFF 1 



tOFF^. 



JcDD 



JCWT^y. 



.,^ 
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• CAS Before RAS Refresh Cycle 



RAS 



CAS 



tcSR 



tRC 



.* ^5AS_^ 



,^CH^ 



Nl /_ 



'^s r . . '"^ — ►'^^ V . '"^ .\ 



tppc 



1 



tRC 



tRAS 



tCHR 



^ 



Ac<dress ////////////////////////////////////////^^^^ 

OPEN 



Dout 



"WE :V,„ 



• Fast Page Mode Read Cycle 



tRASC 



RAS 



CAS 



tASR 

Address y//2 ^ 



WE 



Din 



Dout 



OE 





^> 



/77777>^/77777>l 

tOAC 



• v//yA Don't a 
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• Fast Page Mode Early Write Cycle 



RAS 
CAS 



>: 



Address ^ X "°* 



tASR 



tRASC 



X 



tRCD 



Jwcs 



^ 



tcp 



tCAS tCAS 



tCAH tASC 



WE y/////////>. . 



Jds, 




twCH twos 



tOH 



tASC 

< — >■ 



tRSH_ ^ tRp ^ 



twos 



twCH 



^^. 



tos 



o^^^ 






High-Z 

Dout Z 



* OE : Dont care 

: Don't care 



•^:0 



• Fast Page Delayed Write Cycle 



RAS 



CAS 



Address 



N, 



tRASC 



tcSH 



tRCD . 



V 



tASC 



. tCAS . 



^ tRcs ^ . Lncs^ 



tpc 



. tcp. 



tCAH ^AH iCAH 



'^ ^^M'^^^V 



tos 



Din 

Dout 

OE 



^©<I20<S>0^^ 



tp PD, 



^ tCWL ^ 



. twp . 



tASC 



, tOH 



tos 



tcWL 



tRSH . 



ci>^^^^^^ 



/7K 

tp 

tcF 

Ir 



, tDH^ 




tos 



Hi — Z 



tcWL 



tRWL 



////////////, 



tOH 



'^D( ^////////a 



tOEH 



v/Z/A : Don't care 
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• Fast Page Mode Read-Modify-Write Cycle 



RAS 



CAS 



tASR 



Address ^^©fOs 



tpiASC 



Jr\. 



Dout 



OE 



tASC 



tRCS 



wi ^^ 



toz 



D'n ^^y 



^^ 



tCAH 



tpCM 



J^^i 



tACP 



tASCH 



w/y/z/z/y/M 



tAWD 



tcWD 



tRWD 



tRAC tos 



tCAC 



Jaa 



tOAC 



tozo 



yyyyyyyyA . / 



^ 



^ Dout \ 



tOFF2 



tcWL 



tRCS 



■" twp 



tDH 



tozc 



:^^ 



tOEH 



tcp 



w//////y//y ^zs^ 



toDD 



tpzo 

*~ tOAC 

■•« ^ 



tAWD 



tCWD 



tcWL 



tAA 
tOFF2 



tos I 



Hl-Z > ^r 

\^ 



^. / 



tDH 



twp 



\^^ZZZZ^ 



)'€^ 



tOEH 

-* >■ 



tozo 



tODD 



^^ 



^0 
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• Test Mode Cycle 



RAS 



Normal 
mode 



CAS 



WE ^ 




*1 CBR or RA S only refresh 

*2 X///A : Don't care 

•3 Address, Dm, OE Don't care 



• Test Mode Set Cycle 

RAS 

CAS 



y. 



tRPC 



Mas 

^KT Vf 



\ 



.hSH_ 



WE y////////^ . 



. tws. 



tRC 



tcHR 



tRP 



-Je^ 



/ V/ / 



X 



^ 



"^-tRAS 



////////////////////////// 



Address ////////////////////////////////////////////y. 



Dout 



Note '1 \/// \ : Don't c 
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> Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



^ J(. 



RAS 
CAS 

WE 



tRPC 



n: 



tRC 






>: 



:v 



: / — ^ 



tcSR^ 






tpAS 



>: 



JcHR 



uJCSR., 



" W////////^ 



Address ^/////////////////////////////////////////^^^^^ 



Dout 



NoteM \///A : Don't c 



RAS Only Refresh Cycle 

RAS 



\ 



^ V//////// / 



IJCRP^ 



Address V////////M , ^ 



tRAS 



/ 



tRP 



V 



tRAH 



V//////////////r 



\ ^////////////////////////A 



Dout 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

RAS 



Note *1 Refresh Address A0~A9 {AX0~AX9) 
•2 \///A : Don't care 




\ 



tcSR 



CAS 



X 



* tcPT f* 
tASC_. ^ 



. tws twH . . ^RCS 



WE 
Din 

Dout 
OE 



tws I twH tRCS 



^ ^CAS ^ 



tcAH 



tRAC 



Uhr 



W////////////, 



TCAC 



tOAC 



^////////////////////a : 



tROH 



tpEP 



-*-»-j tRCH 



toFF 



W//////X 



•1 \x///a . Don't care 
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• CAS Before RAS Refresh Counter Check Cycle (Write) 

RAS 



\ 



tcSR 



CAS 

Aj 
WE 

Din 
Dout 

OE 



N. 



tCHR tcPT 



tASC^I _ 






tRSH 



/ 



tCAS 



V 



tCAH 



W////////////. 



tyvcH 



1^/////////////////. 



tOHH 



Y^ 



y////////////////////^^-'/////////////////////, 



.,^ 



■ 4M DRAM LOW POWER VERSION 

The specification on tlie iow power version is tlie same as the standard 4 mg DRAIU with the exception of the 
foilowing parameters. 



Item 


Conditions 


Spec. 


Type No. 


4M X 1 


HM514100LJP/LZP 


IM x4 


Temperature 


- 


0-55 °C 


Icc2 

(Standby CMOS Interface) 


RAS, CAS, WE > Vcc - 2V 
Other Pin > Vcc - 0.2V or < 0.2V 
(Address and Din »s Stable) 
Dout: High-Z 


200/iA max 


Ice 10 

(Standby with CBR Refresh) 


tRc = 125/ts, tRAs ^ l/*s 

ViLi 2= Vcc - 0.2V, ViL < 0.2V 

WE and OE = Vjh, Address and D,n is Stable 

Dout- High-Z 


300/iA max 


Refresh 

tREF 


- 


I28ms 



*only for 1 M x 4 
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Preliminary 



1,048, 576- Word x 4-Bit Dynamic Random Access IVIemory 

■ DESCRIPTION 

The Hitachi HM514410 is a CMOS dynamic RAM organized 
1,048,576 word x 4 bit. HM514410 has realized higher density, 
higher performance and various functions by employing 0.8 fim 
CMOS process technology and some new CMOS circuit design tech- 
nologies. The HM514410 offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits the HM514410 to be packaged 
in standard 20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V(=b 10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 1,024 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS -Only Refresh 
CAS-Before-RAS Refresh 
Hidden Refresh 

• Test Function 

• Write Per Bit Capability 

■ ORDERING INFORMATION 



.80/100/120ns (max.) 



.495/440/385mW (max.) 
11mW(max.) 



.(16ms) 



Part No. 


Access Time 


Package 


HM514410JP-8 

HM514410JP-10 

HM514410JP-12 


80ns 
100ns 
120ns 


350 mil 20 pin 
Plastic SOJ 
(CP-20D) 


HM514410ZP-8 

HM514410ZP-10 

HM514410ZP-12 


80ns 
100ns 
120ns 


400 mil 20 pin 

Plastic ZIP 

(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao ~ A9 


Address Input 


Aq ~ A9 


Refresh Address Input 


W1/IO1-W4/IO4 


Write Select/Data-In/Data-Out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WB/WE 


Write Per Bit/Write Enable 


OE 


Output Enable 


Vcc 


Power (-1- 5 V) 


Vss 


Ground 




PIN OUT 



HM514410JP Series 



r Hitachi Pin No. —1 
JEDECPinNo | 

W1/I01 1 mi^^leThao vss 



W2/I02 2 I 

WByWE 3C 

RAS 4C 

A9 5C 

Ao 6C 

Ai 7C 

A2 8C 

A3 9C 

Vcc 10 c 




] 19 W4/I04 
]18 W3/I03 
]17 CAS 
]16 OE 

]15 A8 
]14 A7 
]13 A6 
]12 A5 
]11 A4 



(Top View) 



HM514410ZP Series 



I OE 

3 W3/I03 
5 Vss 
7 W2/I02 
9 RAS 

II Ao 
I3A2 
15 Vcc 
I7A5 
I9A7 



(Bottom View) 



CAS 2 


"t 


W4/I04 4 


cz:^ 


WI/101 6 


c^ 


WB/WE8 


c=^ 


A9 10 


c:^ 


Al 12 


c=^ 


A3 14 


c=^ 


A4 16 


c=^ 


A6 18 


^=^ 


A8 20 


^£ 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to W^s 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


'^stg 


-55 to +125 


°C 



I ELECTRICAL CHARACTERISTICS 

Recommended DC Operating Conditions (T^ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 




Supply Voltage 




Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 




VlH 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


(I/O Pin) 


ViL 


-1.0 


— 


0.8 


V 


1 


(Others) 


ViL 


-2.0 


— 


0.8 


V 


1 



NOTE: 1. All voltage referenced to Vss- 



I DC ELECTRICAL CHARACTERISTICS (Ta = to +70°C, Vcc = 5V ± 10%, Vss = OV) 



Parameter 


Symbol 


Test Conditions 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Mm. 


Max. 


Min. 


Max. 


Min. 


Max. 


Operating Current 


Icci 


RAS, CAS Cycling tRc = Min. 


- 


90 


- 


80 


- 


70 


mA 


1,2 


Standby Current 


Icc2 


TTL Interface RAS, CAS = V,h, 
DouT = High-Z 


- 


2 


- 


2 


- 


2 


mA 




CMOS Interface RAS, CAS > 
Vcc -0.2V, DouT = High-Z 


- 


1 


- 


1 


- 


1 


mA 




RAS-Only 
Refresh Current 


Jcc3 


t^c — Min. 


- 


90 


- 


80 


- 


70 


mA 


2 


Standby Current 


IcC5 


RAS = VjH, CAS = V,L, 
Dqut = Enable 


- 


5 


- 


5 


- 


5 


mA 


• 


CAS-Before-RAS 
Refresh Current 


ICC6 


tjjc = Min. 


- 


90 


- 


80 


- 


70 


mA 




Fast Page 
Mode Current 


ICC7 


tpc = Min. 


- 


90 


- 


80 


- 


70 


mA 


1,3 


Input Leakage Current 


Ili 


OV < V,N < 7V 


-10 


10 


-10 


10 


-10 


10 


M 




Output Leakage Current 


Ilo 


OV < VouT ^ 7V, 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


mA 




Output High Voltage 


VoH 


High louT = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low Iqut = 4.2mA 





0.4 





0.4 





0.4 


V 





NOTES: 1. Ice depends on output load condition when the device is selected. Ice max. is specified at the output open condition. 

2. Address can be changed once or less while RAS = Vil- 

3. Address can be changed once or less while CAS = Vih. 
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CAPACITANCE (Ta = 25°C, Vcc = 5V d= 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Ci, 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-Out) 


Ci/o 


— 


10 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS (T^ = 0°C to 70°C, Vcc = 5V ± 10%, Vss = OV) (D^ (W), (15), (16) 
• Read, Write, Read-Modify- Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


k:As 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 




15 


— 


ns 




Column Address Setup Time 


Use 





— 










— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


10 


— 


10 


— 


ns 




OE to Din Delay Time 


tODD 


20 


— 


25 


— 


30 


— 


ns 




OE Delay Time From Djn 


^DZO 





— 





— 





— 


ns 




CAS Set-up Time From Djn 


tozc 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


16 


- 


16 


- 


16 


ms 






Read Cycle 



Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2, 3, 17 


Access Time from CAS 


tcAC 


— 


25 


— 


25 


— 


30 


ns 


3,4,13, 17 


Access Time from Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3, 5, B, 16, 17 


Access Time from OE 


tOAC 


— 


25 


— 


25 


— 


30 


ns 


17 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-Off Time 


toFFl 





20 





25 





30 


ns 


6 


Output Buffer Turn-Off to OE 


t0FF2 





20 





25 





30 


ns 


6 


CAS to Din Delay Time 


tCDD 


20 


— 


25 


— 


30 


— 


ns 
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• Write Cycle 



Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twcH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


tos 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


20 


— 


25 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read-Modify-Write Cycle Time 


tRWC 


210 


— 


245 


— 


285 


— 


ns 




RAS to WE Delay Time 


tRWD 


110 


— 


135 


— 


160 


— 


ns 


10 


CAS to WE Delay Time 


tcwD 


55 


— 


60 


— 


70 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


70 


— 


80 


— 


95 


— 


ns 


10 


OE Hold Time From WE 


k)EH 


25 


— 


25 


— 


30 


— 


ns 





• Refresh Cycle 




















Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time 
(CAS-Before-RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS-Before-RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


^RPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time (Normal Mode) 


tcPN 


10 


- 


10 


- 


15 


- 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


^RASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time From CAS Precharge 


tACP 


— 


50 


— 


50 


— 


60 


ns 


B,17 


RAS Hold Time From CAS Precharge 


tRHCP 


50 


_ 


50 


— 


60 


— 


ns 




Fast Page Mode Read-Modify-Write 
Cycle Time 


tpCM 


105 


- 


110 


- 


130 


- 


ns 




CAS Precharge to WE Delay Time 


tcpw 


80 


— 


85 


— 


100 


— 


ns 





• Test Mode Cycle 




















Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


twH 


20 


- 


20 


- 


20 


- 


ns 
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• Counter Test Cycle 



Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Precharge Time 
in Counter Test Cycle 


tcPT 


40 


- 


50 


- 


60 


- 


ns 




• Write Per Bit m> m 


Parameter 


Symbol 


HM514410-8 HM514410-10 HM514410-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Per Bit Setup Time 


twBS 





— 





— 





— 


ns 




Write Per Bit Hold Time 


twBH 


12 


— 


15 


— 


15 


— 


ns 




Write Per Bit Selection Setup Time 


twos 





— 





— 





— 


ns 




Write Per Bit Selection Hold Time 


twDH 


12 


— 


15 


- 


15 


- 


ns 





NOTES: 



10. 



AC measurements assume tx = 5ns. 

Assumes that Ircd ^ Ircd (max.) and Irad ^ tRAD (max.). If Ircd or Irad is greater than the maximum 

recommended value shown in this table, Irac exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

Assumes that tRCD ^ tRco (max.) and tRAD ^ Irad (max.). 

Assumes that Ircd ^ tRCD (max.) and Irad ^ Irad (max.). 

toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 

ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 

measured between Vih and Vil. 

Operation with the Ircd (max.) limit insures that Irac (max.) can be met, Ircd (max.) is specified as a reference 

point only, if Ircd is greater than the specified Ircd (max.) limit, then access time is controlled exclusively by tcAC- 

Operation with the tRAD (max.) limit insures that Irac (max.) can be met, Irad (max.) is specified as a reference 

point only, if tRAD is greater than the specified Irad (max.) limit, then access time is controlled exclusively by Iaa- 

twcs, tRWD, tcwD and Iawd are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twos ^ twcs (min.), the cycle is an early write cycle and the data out pin will remain open 

circuit (high impedance) throughout the entire cycle; if tRWD ^ tRWD (min.), tcwo ^ tcwD (min.) and Iawd ^ 

tAWD (min.), the cycle is a read-modify- write and the data output will contain data read from the selected cell; if 

neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed 

write or a read-modify- write cycle. 

tRASC defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tcAC or tACF- 

An initial pause of 100 /iS is required after power up followed by a minimum of eight initialization cycles (RAS-only 

refresh cycle of CAS-before-RAS refresh cycle). If the internal refresh counter is used, a minimum of eight 

CAS-before-RAS refresh cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits— CAO. This 

test mode operation can be performed by WE-and-CAS-before-RAS (WCBR) refresh cycle. Refresh during test mode 

operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 

accord each other, the condition of the output data is high level. When the state of test bits do not accord, the 

condition of the output data is low level. Data output pin is I/O3 and data input pin is I/O2. In order to end this test 

mode operation, perform a RAS-only refresh cycle or a CAS-before-RAS refresh cycle. 

In a test mode read cycle, the value of tRAC, tcAC, tAA, toAC and tACP is delayed for 2ns to 5ns for the specified 

value. These parameters should be specified in test mode cycles by adding the above value to the specified value in 

this data sheet. 

When using the write-per-bit capability, WB/WE must be low as RAS falls. 

The data bits to which the write operation is applied can be specified by keeping Wl/IOi, W2/IO2, W3/IO3 and W4/ 

IO4 high with setup and hold time referenced to the RAS negative transition. 
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■ TIMING WAVEFORMS 
• Read Cycle (1) 



RAS 



CAS 



N. 



tASR 



Address 



tRC 



tRAS 



tRCD 



tRAD 



N. 



tRAH ^ASC 



^ tRSH"" 



tCAS 



tcSH 



tRAL 



/ 



A. <" .X 



tcRP 



^^'y^^^':^^, x//////////////y^7^/. 



WB,WE W///////////A 



W1/I01 



W4/I04 



Dout 



Din 




OE ^////////////////////A, ///////////////X 



y///^ rDontcare 
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• Early Write Cycle (2) 



RAS 



CAS 



n: 



USR 



Address 



WB/WE 



7Z2/. 



tRC 



tpAS 



tRCD 



tcSH 



N. 



^RAH_ 



tWBS 

< — ^ 



tASC 

— >■ 



tRSH 



tCAS 



/: 



tRP 



/ 



tCRP 



tWBH 



W1/I01 rDin ^7/y^^ 
W4/l04LDout 



twos 



tWDH 



y^2A 



Jwcs 



Mask 
Data 



tDS 



^ twCH ^ 



^r^i'ZTT^ ^^^^y///////////,^^/ 



tCAH 



^ tpH 



. /////////////. 



Y^777? A ^ ■ W//////////A 



Hi-Z 



* OE : Don't care 

* Y////\ • ^^^^ ^^''® 
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Delayed Write Cycle (3) 



RAS 



CAS 



\ 



tASR 



Address 



M 



tRC 



tpAS 



tcSH 



tRCD 



tASC 



^. 



tRAH 



Row 



tWBS 



>oc 



tRSH 



tCAS 



tCAH 



tcWL 



tWBH tpcs 



WB.WE y\ ,, iK2/ 



tRWI. 



/ 



4- '"• '\ 



tcRP 



^r^^^^^^^ 



twos 



W1/I01 



W4/I04 



tWDH 



r^'" XE>S^ 



^DZO 



tozc 



tos 



tODD 



twp 



> r^////////////// 



^Dout 



o-E V///////^K / 



tOH 



pr^^r Y7ZV77Z^7P7A 






tOFF2 



W/////////////A 



* Y////X : Dont care 
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Read-Modify-Write Cycle (4) 



RAS 



CAS 



'T-^ 



^^ 



tASR 



Address 



^^'. 



tRWC 



tRCD 






^ tRAD 



>. 



tRAH 



Row 



tWBS 



tASC 



)>o*' 



tRCS 



twos 



W1/I01 



W4/l04Loout 



tWBH 

3^ 



tRWD 



tRAC 



|W_DH .^tpzc^ 



Din ^:£]XS^^ 



« ^^^." > 



tcWD 



i' 



^^^ y//////////////////A 



tAWD 



HJ-Z 



tOAC 

tozo 



o-E W//////////A . X 



^^CAC ^DS^ 



^^^ ' <r^//////////// 



^^J^WL^ 



^RWL 



WP 
<< — > ■ 



^ ^DH 



tOFF2 



iODD 



^^-% <///////////, 




tOEH 




z 



////a : Don't 
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• RAS-Only Refresh Cycle (5) 



RAS 



n; 



tCRP 



cm ^^r 



Address ///) ^^ 
W1/I01 Dout 



tASR 



tRC 



tpAS 



>f 



tpp 



tpP^ 



v/////// 



V 



,tcRP 



tRAH 



Row 



HhZ 



OE.WE : Don't care 



W4/I04 



*^^:Don1care 



Hidden Refresh Cycle (6) 



RAS 



CAS 



"^\_ (Read) /' t\ (Refresh) i^ T^i (Refresh) /' 



tASR 



tRC 



tRAS 



tRCD 



tRAD 

■< ^ 



tRAH 



tRCS 



WB/WE "^/////A 



tRAC 



^; 



, <^"% 



tRC 



** REFRESH ADDRESS: A0-A9 

(AX0-AX9) 



tRC 



. tRSH 



tRAS 



tRP 



tCAS 



tRAS 



tCHR 



- tASC 
tRAL 



W1/I01 r^°"* 



W4/I04 



^Di" ^> 



tpzc ^ 



-tCAH 



tRP 
-< "^ — ^ 



/ 



«d»ss ^i|ri;;>^ga> <?^//^///^/^^^^ 



tAA. 



tpzo , 



OS W/////A 



"tCAC 



^C 



-<- tRCH 
tRRH 



tOFF 1 



Dout 



tOFF2^ 



tOAC 



Hl-Z 



> 



JcDD 



tODD^ 



5^ 



)(777^y. 



*1 Y////X : Don't c 
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• CAS-Before-RAS Refresh Cycle (7) 



RAS 



<^^P > 



X -< > 



CAS 



tcSR^ 
^CPN 



tRC 



tRAS 



^s K 



w 



tRP 



tRPC 



A 



tCPN 



:i. 



tRC 



tRAS 



>. y. 



tCHR 



-tcSR 



tRP 



tCRP 



\ 



y 



™- y /////////////////////////////////////z^y. 



W1/I01 Dout 



W4/I04 



^ 



OFF1 



Hi-Z 



^: 



Don't care 



** WE : V|H 
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• Fast Page Mode Read Cycle (8) 



RAS 



>. 



CAS 



tASR 



Address 



tRASC 



tcSH 



^ !bcd_^ 



tRAH 



Row 



tRAD . 



tASC. 



tCAS 

-< ► 



tpc 

<- — ► 



K^ 



tCAH 



tASC 



tRCS 



mM7MZZ2^ 



W1/i01 



f-" 7Ml> 



W4/I04 



Dout 



OE 



tozc. 



tCAS 

■< ► 



tCAH 



tCDO. 



tODO. 



, tAA 



tCAC 



tRAC 



Hi-Z 



■ c^p^Qh 



tOAC 



< 



Valid 
Putpi 



tOFF2 






tRHCP 



/j^V 



tcp 



^ 



tASC 



tozc 

tCDD, 



tAA^ 



tCAC 



tACP 



tOFFi 



tOFFf*' 



tRCS 



tRCS tRCS I 



w 



Hi-Z 






tozo 



^ Mm 



tOAC_^ 



&' 



^tRSH_^ 



tCAS 

< ► 



Of 

tRAL 



tCAH 



tCRP 



tCAC 
-< — ► 



h3a^ 



tACP 



tozo 

< — >- 



Hi-Z 



^toDD 
iOFF2 



MZ^U^ 



H tRRH 
H tCDD 



tODD 



< 



Valid 
Output 



toAC 



toFFi 



> 



tOFF2 



y///\ : Don't care 
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• Fast Page Mode Early Write Cycle (9) 



RAS 



CAS 



>: 



tASR 



tRASC 



tcSH 



^ tRCD 



tRAH tASC 



tWBS" 



WB.WE 



2>i 



tCAS 



tpc 



tCP ^ 



tCAH tASC 



twos 



tWBH JWCSI J 




^ 



Mo^ss >c5>©c^z>®<:s^®cii>^^^ 



tCAS 



\^^- \Z^' \Zy'' 

tCAH tcAH 



tCP 



tWDH 



tps^ 



twCH twCS 



.^. 



tOH 



^M- 



tASC 



tpSH^ 



;^v 



tRP 

tCRP^ 



twcs 



twCH 



.^. 



Idh] tos 



twCH 



tpH 



wi/ioirDin )my2>CKj^>c^ij&c^y^^z 

W4/l04l-Dout ^^^^ 

* OE : Don't care 

* \////a : Don't care 
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Fast Page Delayed Write Cycle (10) 



RAS 



CAS 



Address 



WB/WE 



tASR 



M 



tRASC 



tcSH 



tRCD 



tRAH 
■< > 



Row 



tASC. 



mi 



Jc^ 



>^^^^^^^\ / 



tCAH 



Column 



pwBs tRcrr 



tWBH 



twos 



W1/I01 



W4/I04 



Din 



■- Dout 



^WDH 
tDS, 



* ^"^ > 



tcp 



tASC, 



tpc 



J^^ 



tCAH 

< — ► 



twp 



< ^PH ^ 



4rcs^ 



tASC 



tos 



,^JcwL^ 



tRSH , 



:'^^v 



,^JCAS^ 



tCAH 

< — ► 



Co'""'" y !^Z n~^^^»^^ 



^RP 



.^JCRP^ 



^m'^s. ^^r\. Y^ . ^mm?, 



twp 

"^ — > 






^0^>t^I>^^>^>00^^ 



tps^ 



tcWL 



tRWL 



twp 

.< > 



-* ^^^-= — >- 



^^^^ 



Hi-Z 



OE 



^//////// 



^^3 : Dont care 
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• Fast Page Mode Read-Modify- Write Cycle (11) 



tRP 



RAS 



CAS 



tASR' 



Address 



tRASC 



tRAD 



tRAH 




Row. 



tWBS~*' 



WB/WE 



tASC 



tWBH 



XJ^ 



tRCS 



tCAH 



tvVDS 



W1/I01 



W4/I04 



Dout 



^Din 



-4 



tDZC 
'^ twDH 



tpCM 



tACP 



tASC-i 



I tAWD I II tAWD 

^ *" tcWL * tcpw ^ *CWL 



tcwD ^ 



-*- tRWD 



tRAC tos 



tCAC 



tAA, 
tOAC 



Hl-Z 



tozo 



OE V///////A . / 



^ Dout ^ 



tOFF2 



tRCS 
tWP "^ 



^a# 



tOH 



<^S«2i 



tDZC 



tOEH 
■< ^ 



tCP 



/ 



tCAC 

■< ► 



tDZC 



tODD 



"toAC 



-^^.Dout. 



^CAH 



tcWD 



tos 



tAA 
tOFF2 



twp 



\. , /7777777. 



tDH 



^><B^> 



^. / 



> 




tOEH 



Hl-Z 



tozo 



tODD 



^^ 



.^ 



: Don't care 
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Test Mode Cycle 



RAS 



CAS 



WB/WE 



^ 



*3 
set cycle 



^ 



• Test Mode Set Cycle (1) 



Test mode cycle 



7 



Reset Normal 

Cycle *1*3 mode 



^^ 



*1 CBR or R AS only refresh 

*2 \///A : Don't care 

*3 Address, Din, OE : Don't care 



RAS 



CAS 



tRP 



/• n : — '/ 

tRPC tj 



/p^i 



JCSR^ 



m,m V////////>. . 



tws 



tRC 



tRAS 



tCHR 



tWH 



— ^iBP ^ 



l-^^w 



tcPN 



RPC 



V 



-tCRP 



//////////////////////// 



z 



Address 



y///////////////////////////////////777777Zy 



W1/I01 Pout '///////> 



• tOFFi 



Hl-Z 



W4/I04 



Note*1 X///j\ : Don't < 



^HITACHI 

926 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM514410JP/ZP-8/10/12 



• Test Mode Reset Cycle (2) 



RAS 



CAS 



tRP 



[^ tRAS ^. , tRAS ^ ^ 

^ -y'^ ^ r >"" w : s ; J / : tRP A 



tRPC tj 



>^ tcPN S 



tcSR 

< — >■ 



WB.WE 




J^^^ 



tRC 



JCHR^ 



Jm^ 



:c^^. 



h*-^tRPC 



tCPN 



W/////// 



Jws^ 



tRC 



tCHR 



J^ 



y 



.JCRPL^ 



V/////////// 



^^ ^/////////////////////////////////////////////A 



JoFFt 



W1/I01 Dout 



W4/I04 



^^ 



Hi-Z 



Note*1 \///A : Don't care 




RAS-Only Refresh Cycle 



RAS 



CAS 



tRC 



-CZ^/' '\ 



/////////// . . 



*^29e* 



N-^5^ 



tRAS 



^RPC 



< '"p — ^ 



^f 



^t, 



•CRP 



iRAH 



.^ W///////>^ -^r-: ^///////////////////////A 



W1/I01 Dout 



W4/I04 



Hi-Z 



Note *1 Refresh Address A0~A9 (AX0~AX9) 
*2 \///A : Don't care 
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• CAS-Before-RAS Refresh Counter Check Cycle, (READ) 



RAS 



CAS 



\ 



X 



tcSR 



tT-^ 



^JCHR^ 



tCPT 

■* — >■ 



jn\ 



Use 



Ai y/////////////////7 7^^ r-^ 



tws 

^ — >. 



mm V//////// 



< ^"^^ > | 



tRP 



n tcRP Y 



tCAS 



tCAH 



tCRP 



twH *RCS 



^^ 



wvmrD. V///////////////A 



W4/I04 



^Dout 



'DZC 



tRAC 



Jahr 



W//////////. 



tRRH 



^COH 



tCAC 



Hi-Z 



JAA^ 



Hi-Z 



< 



OE 



m/////////////M 



-*-iOAC^ 



Dout 



tRCH 



'^ 



'CDD 



-<^ 



tOFF1 



tOFF2 



tROH 



tPEP 



> 



tpPD^ 



IT^m. , 
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• CAS-Before-RAS Refresh Counter Check Cycle, (WRITE) 



RAS 



CAS 



Dout 



OE 



\ 



X 



tcSR 



/ 



tCHR tcPT 
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HM514400LJP/LZP-8/10/12 

1,048,576-Word x 4-Bit Dynamic Random Access IVIemory 

■ DESCRIPTION 

The Hitachi HM514400 is a CMOS dynamic RAM organized 
1,048,576 word x 4 bit. HM514400 has realized higher density, 
higher performance and various functions by employing 0.8 ^m 
CMOS process technology and some new CMOS circuit design tech- 
nologies. The HM514400 offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits the HM514400 to be packaged 
in standard 20-pin plastic SOJ and 20-pin plastic ZIP 

■ FEATURES 

• Single 5V(± 10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 1,024 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS-Only Refresh 
CAS-Before RAS Refresh 
Hidden Refresh 

• Test Function 

• Battery Back Up Operation 

■ ORDERING INFORMATION 



Low Power Version 



.80/100/120ns (max.) 



.495/440/385mW (max.) 
11mW(max.) 



.(16ms) 



Part No. 


Access Time 


Package 


HM514400LJP-8 

HM514400LJP-10 

HM514400LJP-12 


80ns 
100ns 
120ns 


350 mil 20 pin 
Plastic SOJ 
(CP-20D) 


HM514400LZP-8 

HM514400LZP-10 

HM514400LZP-12 


80ns 
100ns 
120ns 


400 mil 20 pin 

Plastic ZIP 

(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao ~ A9 


Address Input 


Ao ~ A9 


Refresh Address Input 


I/O1-I/O4 


Data-In/Data-Out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


Vcc 


Power (+5V) 


Vss 


Ground 



HM514400LJP Series 




(CP-20D) 



HM514400LZP Series 




(ZP-20) 



PIN OUT 



HM514400LJP Series 



r Hitachi Pin No. —, 
JEDECPinNo. | 



1/01 1 

1/02 2C 

WE 3C 

RAS 4[ 

A9 5C 



CfpP^'l6f]20 Vss 
]19 1/04 
]18 1/03 



Ao 6C 

A2 8C 
A3 9[ 
VcclOC 



2 25 

3 24 

4 23 

5 22 



]17 CAS 
]16 OE 

]15 A8 
]14 A7 
]13 A6 
]12 A5 
]11 A4 



(Top View) 



HM514400LZP Series 



I OE 
3 I/03 
5 Vss 

7 yo2_ 

9 RAS 

II Ao 
13A2 
15 Vcc 
17 As 
I9A7 



(Bottom View) 



CAS 2 


=n 


1/04 4 


^=n_ 


1/01 6 


c=^ 


WE 8 


c^ 


A9 10 


<=^ 


A1 12 


*=£ 


A3 14 


c=^ 


A4 16 


c=^ 


A6 18 


c=^ 


A8 20 


^£ 
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■ ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-l.O to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


^out 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


^opr 


Oto +70 


°C 


Storage Temperature 


Tst« 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T^ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


(I/O Pin) 


ViL 


-1.0 


— 


0.8 


V 


1 


(Others) 


ViL 


-2.0 


— 


0.8 


V 


1 



NOTE: 1 . All voltage referenced to Vss- 



■ DC ELECTRICAL CHARACTERISTICS (T^ = Oto +70°C, V 


cc = 5V ± 10%, Vss 


= 0V^ 


1 






Parameter 


Symbol 


Test Conditions 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Operating Current 


Icci 


RAS, CAS Cycling tRc = Min. 


- 


90 


- 


80 


- 


70 


mA 


1,2 




Icc2 


TTL Interface RAS, CAS = Vjh, 
DouT = High-Z 


- 


2 




2 


- 


2 


mA 




Standby Current 


CMOS Interface RAS, CAS and 
WE > Vcc -0-2V or < 0.2V, 
Address and D,„: Stable, 
DouT = High-Z 


- 


200 




200 




200 


IxA 




RAS-Only 
Refresh Current 


ICC3 


tRc = Min. 


- 


90 


- 


80 


- 


70 


mA 


2 


Standby Current 


ICC5 


RAS = ViH, CAS = V,L, 
Dqut = Enable 


- 


5 


- 


5 


- 


5 


mA 


' 


CAS-Before-RAS 
Refresh Current 


ICC6 


tRc = Min. 


- 


90 


- 


80 


- 


70 


mA 




Fast Page 
Mode Current 


^CC? 


tpc = Min. 


- 


90 


- 


80 


- 


70 


mA 


1,3 


Battery Back Up 
Operating Current 
(Standby with CBR 
Refresh) 


Ice 10 


tRc = 125 lis, tRAs ^ 1 /*s 
Vcc -0.2V ^ V,H <6.5V, 
OV < ViL^ 0.2V, 
WE and OE = Vjh, Address and 
D,„: Stable, D^^, = High-Z 


- 


300 


- 


300 


- 


300 


IxA 




Input Leakage Current 


lu 


OV < ViN < 7V 


-10 


10 


-10 


10 


-10 


10 


M 




Output Leakage Current 


>L0 


OV < VouT ^ 7V, 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


M 




Output High Voltage 


^OH 


High louT = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low Iqut - 4.2mA 





0.4 





0.4 





0.4 


V 





NOTES: 1. Ice depends on output load condition when the device is selected. Ice max. is specified at the output open condition. 

2. Address can be changed once or less while RAS = Vil- 

3. Address can be changed once or less while CAS == Vm- 
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CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Ci, 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-Out) 


Ci/o 


— 


10 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS (T^ = 0°C to 70°C, Vcc = 5V ± 10%, Vss = OV) (D, (14), (15), (16) 
• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


80 


— 


100 


— 


120 


~ 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


10 


- 


10 


— 


ns 




OE to Din Delay Time 


k)DD 


20 


— 


25 


— 


30 


— 


ns 




OE Delay Time From Din 


bzo 





— 





— 





— 


ns 




CAS Set-up Time From Din 


^DZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


128 


— 


128 


— 


128 


ms 






• Read Cycle 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


- 


120 


ns 


2,3,17 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4,13, 17 


Access Time from Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3, 5, B, 16, 17 


Access Time from OE 


toAC 


— 


25 


— 


25 


— 


30 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 


18 


Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 


18 


Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Ibrn-Off Time 


toFFl 





20 





25 





30 


ns 


6 


Output Buffer Tbrn-Off to OE 


tOFF2 





20 





25 





30 


ns 


6 


CAS to Din Delay Time 


tcDD 


20 


- 


25 


- 


30 


- 


ns 
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Write Cycle 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twcH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tcwL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


bs 





— 





— 





— 


ns 


11 


Data-in Hold Time 


^DH 


15 


— 


20 


— 


25 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read-Modify-Write Cycle Time 


tRWC 


210 


— 


245 


— 


285 


— 


ns 




RAS to WE Delay Time 


tRWD 


110 


— 


135 


— 


160 


— 


ns 


10 


CAS to WE Delay Time 


k:wD 


55 


— 


60 


— 


70 


— 


ns 


10 


Column Address to WE Delay Time 


UWD 


70 


— 


80 


— 


95 


— 


ns 


10 


OE Hold Time From WE 


k)EH 


25 


— 


25 


— 


30 


— 


ns 





• Refresh Cycle 




















Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time 
(CAS-Before-RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS-Before-RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time From CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


B,17 


RAS Hold Time From CAS Precharge 


^RHCP 


50 


— 


50 


— 


60 


— 


ns 




Fast Page Mode Read-Modify-Write 
Cycle Time 


tpCM 


105 


- 


110 


- 


130 


- 


ns 





• Test Mode Cycle 




















Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


twH 


20 


— 


20 


— 


20 


— 


ns 
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• Counter Test Cycle 




















Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Precharge Time 
in Counter Test Cycle 


tcPT 


40 


- 


50 


- 


60 


- 


ns 





NOTES: 1. AC measurements assume ti = 5ns. 

2. Assumes that tRco ^ tRco (max.) and Irad ^ Irad (max.). If tRco or Irad is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD ^ tRco (max.) and tRAD ^ tRAD (max.). 

5. Assumes that tRco ^ tRco (max.) and Irad ^ tRAD (max.). 

6. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Operation with the tRCD (max.) limit insures that tRAC (max.) can be met, tRCD (max.) is specified as a reference 
point only, if tRCD is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max.) limit insures that tRAC (max.) can be met, tRAD (max.) is specified as a reference 
point only, if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled exclusively by tAA- 

10. twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs ^ twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD ^ tRWD (min.), tcwD ^ tcwD (min.) and tAWD ^ 
tAWD (min.), the cycle is a read-modify -write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

1 1 . These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed 
write or a read-modify- write cycle. 

12. tRASc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP 

14. An initial pause of 100 fis is required after power up followed by a minimum of eight initialization cycles (RAS-only 
refresh cycle of CAS-before-RAS refresh cycle). If the internal refresh counter is used, a minimum of eight 
CAS-before-RAS refresh cycles is required. 

15. In delayed write or read-modify- write cycles, OE must disable output buffer prior to applying data to the device. 

16. Test mode operation specified in this data sheet is 8-bit test fimction controlled by control address bits— CAq. This 
test mode operation can be performed by WE-and-CAS-before-RAS (WCBR) refresh cycle. Refresh during test mode 
operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the 
condition of the output data is low level. Data output pin is I/O3 and data input pin is I/O2. In order to end this test 
mode operation, perform a RAS-only refresh cycle or a CAS-before-RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAC» tAA, toAC and tACP is delayed for 2ns to 5ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data 
sheet. 
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■ TIMING WAVEFORMS 
• Read Cycle (1) 



RAS 



CAS 



n: 



tASR 



Address 



WE 



Dout 



Din 



s>< 



tRC 



tRAS 



tRCD 



^RAD 



N. 



tRAH Use 



tRSH 



tcAS 



tcSH 



tRAL 



/' 



^^,',<^77)^':^=', x//////////M 



V////////////A 



JtRCS^ 



Hi-Z 



tRAC 



//////////;> 



tpzc 



"C^\ 



^CRP ^ 



X 



tCAH 



tCAC 



tAA 



tOAC 



HhZ 



tpzo 



or '/////////////////////>>. ////////////////, 



c 



tRCH^ 



JiRRH^ 



Dout 



tOFFl 



''^^ 



tOFF2 



tCDD 



tODD 



(/////////A 



\////X ' Dont care 
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• Early Write Cycle (2) 



RAS 



CAS 



^: 



USR 



tRC 



tRAS 



tcSH 



tRCD 



n : . ^ 



tRAH 



tASC 

— ^ 



Add^ss SxC^3^<i^>^^^2< 



^ tRSH 



^ tcAS 



^^.JbplJV 



tCRP 



Si ^/////////////x . 



^twcs^ 



tCAH 



twCH 



. ///////////////. 



}Pl\ 1 ^ tpH 

D,„ //////////////A Din %^////////////A 

Hi-Z 



Dout 




* OE : Doni care 

*^^:Don1care 
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• Delayed Write Cycle (3) 



RAS 



CAS 



^ 



tASR 



tRC 



A- 



tRAS 



tCSH 



tRCD 



tASC 



N. 



tRAH 



tRSH 



tcAS 



tCAH 



Address '» r-^^r~w ^ r^^^y^//////////////////// 



tcWL 
tRWI. 



/ 



,'G^\ 



tCRP 



X 



WE y////////////////^zw^r^//////////////. 



Din 



Din 



y///////A 



^DZO 



tozc 

-< ^ 



tos 



tODD 



^'. 



OE ^ 



V////////yW//// 



twp 



tDH 



sr ^///////////^ 



«'o^" > 



W///////////////. 



* Y////X • ^^""^ ^^""^ 
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Read-Modify-Write Cycle (4) 



RAS 



CAS 



«T_^ 



N. 



tASR 



Address 



^^v 



tRWC 



tRCD 



L' tcRp: 



^ tRAD 



^c 



tRAH tASC 



Row 



:>^^ 



tRCS 



WE 



y//////////// 



y 



tCAH 



tcWD 



^=r w/////////></////////. 



tAWD 



tAA 



01" y/////////A 

Dout 

01 '/////////////)i X 



^CWL 



^RWL 
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• RAS-Only Refresh Cycle (5) 



RAS 



n; 



tCRP 



cm ^^ 



Address 
Dout 



^: 



tASR 



tRC 



tpAS 



K 



tRP 



tRTO 



V 



tRAH 




Row 



Hi-Z 



**OE.WE : Don't care 

* Y////X • Do"** c^''® 

** REFRESH ADDRESS: A0-A9 

(AX0-AX9) 
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Hidden Refresh Cycle (6) 



RAS 



CAS 



tASR 



Address 



WE 



Dout 



Din 

oe" 



H 



tRC 



* '"^ > 



(Read) 



tRCD 



tRAD 
-< >" 



tRAH" 



Row 



m 



tRCS 



tRAC 



\ 



^JR^ 



. tRSH 



tRAS 



*^/[ A (Refresh) / 



tASC 
— -^tcAH 



Columr 



z 



'M' 



< *DZC ^ 



tAA. 



tpzo. 



< '"-^^ 



?^?^??^ 



tOAC 



-*-tCAC 



< 



tRAS 
\ (Refresh) ^'' 



tCAS 



tCHR 



Daut 



tRP 

-* > 



?' 




^<:3^ 



tRCH 



tRRH 



1^ 



tOFF2^ 



- toFF 1 



> 




^tcDD^ 



tODD 



J(^^^y. 



*1 ^^^ : Don't 



care 
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• CAS-Before-RAS Refresh Cycle (7) 



RAS 



CAS 



Address 



Dout 



tcSR^ 



tRC 



^ ^^^ > 



S 



^v r , <-^ ,\ K 



v^^ 



tRPC 



i. 



tRC 



tRAS 



^ tcHR 



■tcSR 



tRP 



< ^^"P > 



y 



^///////////////////////////////////////////A 



OPEN 



////A rDonlcare 
WE :V,H 
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• Fast Page Mode Read Cycle (8) 



tRASC 



RAS 



>. 



CAS 



tASR 



tcSH 



/j^\^ 



tRCD 



tpAH 



tRAD 



tASC^ 



tCAS 

■^ ► 



tcp 



^ZJf'^\zz^^'ZJ^' 



tCAH 



tpc 



tASC 



Address ^ . Row ^ ^^ C Col. ) ^^/^^ Coi 

I ' I I IRCS I I 



tRCS 



mivE '////////// 



^ 7ZZZZZ> 



Dout 



OE 



tpzc. 



tRCH 



^ 



tCDD^ 



tODD^ 



tCAC 



^M-M 



tRAC 



Hi-Z 



N-^5Z0Lh 



tOAC 

-< H 



tCAS 

■^ ^ 



tCAH 




■^ Dout 



> 



tRHCP 



tcp 



< — > ■ 



tCAS 
< ► 



tASC 



jm^\ 



tRCH, 



-r 



tozc 

tCDD^ 



tAA. 



^ 



tACP 



tOFFi 



tOFFi 



Hi-Z 



H toFFa-^ K^ — H 



tOAC_^ 



tRCS 



W 



tRSH 



tRAL 



tCAH 



tCRP 



^mZML 



tozc 



tCAC 
-< — ► 



tACP . 



tozo 

< — ► 



Hi-Z 



tODD 
^0FF2 ^ 



M2kU^ 



tRCH 



'^ 



tODD 



< 



tRRH 
tCDD 



z 




Dout 



tOAC 



tOFFl 



> 



tOFF2 



* Y///A : Don't care 
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• Fast Page Mode Early Write Cycle (9) 



RAS ^^ 



CAS 



tASR 



Din 
Dout 



tRASC 



tcSH 



•^ tRCD » iIpAS 



tRAH tASC 



tpc 



:r^k- 



tcp 
■ ^ — ^ 



tCAH tASC 



Address M R°^ J X^ M ^^[- J ^^/7? ^ ^ol. ^ ^^C^ ^ Col, 



Jwcs 



We V////////>\ 

i^ tps 



tCAS 



tCAH tcAH 



twCH twCS 



,<ZM. 



tOH 



JD^ 



tASC 

■< — »* 



tpSH^I ^tpp^ 

tCRP ^ 
tCAS 



twcs 



twCH 



.^. 



tDH tDS 



7777777y r^^,'^7?/r^^,€¥r^r'; ^7Z77777, 



- WTTTTTT}. 



twCH 



.<^^ 



tOH 



Hi-Z 



* OE : Don't care 



Y///X : Don't care 
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• Fast Page Delayed Write Cycle (10) 



PAC ^ 



RAS 



CAS 



tASR 



tRASC 



tcSH 



< ^BCD ^ 



tRAH 

-< ^ 



tASC. 



Address 3C^IJ@H33®^ 



,,tCAS^ 



r^-^^^^^^s, / 



tCAH 

■< — >- 



U ^"^s ^ 



tos^ 



Din 



Dout 



OE 



^^oo^::^>®oo^^ 



tODD 



^^ 



tcWL 



-*-^ 



Usc^ 



tpc 



J^^ 



tCAH 
■< ^ 



twp 

-^ > 



* <PH > 



tRCS^ 



WE ^ ^s. ^n.. ^^, ^^^?^^. 



tos 



< ^^WL^ 



tASC 

— ► 



tRSH 



>^^v 



^^AS^ 



tCAH 

-< ► 



c°'""'" t 0^ Cc°i^^^^^^^ 



tRP 



< <C"P> 



twp 

■< — > > 



tDH , 



tos^ 



tcWL 



tRWL 



twp 

■< > ■ 



tPH ^ 



tOEH 



Hi-Z 




^//////// 



y//A : Donl care 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 945 



HM514400LJP/LZP-8/10/12 



• Fast Page Mode Read-Modify- Write Cycle (11) 



tRP 



RAS 



CAS 



tASR' 



Address 



tRASC 



/^ 



tRAD 



tRAH 



WE 



Din 



Dout 



tASC 



tRCS 



^^ 



tozc 



^^> 



tCAH 



tpCM 



tACP 



tASCH 



tAWD I II tAWD 

117 tcWL T W^ tcWL 



tRAC 



tCAC 



tOAC 



Hl-Z 



tozo 

M — >- 



OE TZMm^' 



tcWD 



tRWD 



tos 



<i<^^-' 



^ Dout ^ 



tOFF2 



tRCS 



twp 



^C# 



tOH tozc 



tOEH 

-* i»- 



tCP 



tCAC 



tpzo 

*"t0AC 

-< ^ 



tODD 



Hl-Z 



^CAH 



<: 



tOFF2 

itrr 



Dout. 



^. /^ 



> 



twp 



\ . Y7777777. 

tDH 



tos 



tOEH , 



Hl-Z 



tozo 



tODD 



^^ 



• ^^Oo„1 



care 
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• Test Mode Cycle 



Reset Normal 



RAS 



CAS 



WE 




*1 CBR or R AS only refresh 

*2 \///A : Doni care 

*3 Address, Din, OE : Dont care 



• Test Mode Set Cycle (1) 



RAS 
CAS 

WE 

Address 

Dout 



/\ N r V -v 

tRPC tRp 



\ 



*CSR 



7 



^////////A . 



Jm^ 



tRC 



tRAS 



tCHR 

-< ► 




Jm^ 



/ v// 



RPC 



-tCRP 



. ////////////////////////// 



V///////////////////////////////////////////y 



OPEN 



Note*1 \///A : Don't ( 



0HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 947 



HM514400UP/LZP-8/10/12 



• Test Mode Reset Cycle (2) 



^ y. 



RAS 
CAS 

WE 

Address 
Dout 



tRPC 






tcSR, 




tws. 



tRC 



J^^ 



^RP 



:s; 



JWH, 



.Jws_ 



tRPC 



, tcSR 



7, 



^ 




^ 



tRC 



*— i5AS_^ 



/". ^"^ ,V- 



tCHR 



Jrn^ 



'J 



u3ap* 




^///////////. 



y//////////////////////////////////////////////A 



OPEN 



Note*1 \///A :Don1 



care 
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RAS-Only Refresh Cycle 



RAS 



CAS 



•^zzzz^' 



V////////A 



* ''^"P> i 



Dout 



^^JASR^ 



tRC 



^ ^"^^ > \ 



tRP 



V 



< — ^ ^RPC 



^RAH 



W/////////////. 



«*ess v////////?)C-zr- . m//////////////77^77;^. 



OPEN 



Note *1 Refresh Address A0~A9 (AXO~AX9) 
*2 \///A : Don't care 
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• CAS-Before-RAS Refresh Counter Check Cycle, (READ) 



RAS 



CAS 



\ 



X 



tcSR 



,^_tCHR^ 



tCPT 

-< — ► 



r^\ 



tASC, 



« y//////////////////^ > r-= 



twS I twH . ^RCS 



"TTTT/m 




WB/WE 



Din 



=VI 



Dout 



tRSH 



tRP 



^ t/Nno ^■ 



tCAS 



tCRP 



tCAH 



tRAC 



tAHR 



,'^\. 



■ V/////////////y. 



^COH 



tCAC 



Hi-Z 



'/////////////////M 



^ ^Q^^» 



Dout 



tRCH 



'^^ 



tOFFi 



tROH 



tOFF2 



tPEP 



)^ 



1^????^^ 



OE 



^: 



: Don't care 
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• CAS-Before-RAS Refresh Counter Check Cycle, (WRITE) 



RAS 



CAS 



Ai 



Din 
Dout 



Tk 



tcSR 



\ 



tCHR tcPT 



tASC. 



. Jws MwH twcs 



WE V//////// 



IDS 



tRSH 



/ 



tpp 



tcRP 



tCAS 



V 



tCAH 



toss 



w. 



c*^3^^^^ 



twCH 



tOH 



K//////////////////, 



tOHH 



Din 



m> 



OPEN 



*1 Y//yyA : Don't care 
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Section 6 
MOS Dynamic RAM Module 
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HB561003 Series 



262,144-word x 9-bit Dynamic Random Access Memory Module 

The HB561003 is a 2.25M dynamic random-access memory module organized as 262,144 x 9 bits [bit nine 
(PD, PQ) is generally used for parity and is controlled by PCAS] in a 30-pin single in-line package comprising 
nine HM50256CP, 262,144 x 1-bit dynamic RAMs in 18-pin Plastic Leaded Chip Carrier mounted on a 
substrate together with decoupling capacitors. 

■FEATURES 

• 262,144 words x 9 bits Organization 

• Industry standard 30-pin Single In-line Package Memory Module 

• Single 5V (±10%) 

• Utilizes nine 256K Dynamic RAMs in PLCC (HM50256CP) 

• HB561003 operates as nine HM50256CPs as shown in the functional block diagram. 

• Low Power: Operating: 2,160mW typ. (tpfc = 260ns) 

Standby: 135mWtyp. 

• High speed: 





Access Time 
from RAS (max) 


Access Time 
from CAS (max) 


Read or Write 
Cycle (min) 


HB561003AR/B-12 


120ns 


60ns 


220ns 


HB561003AR/B-15 


150ns 


75ns 


260ns 



Page mode capability 
TTL compatible 
256 refresh cycles/4ms 
3 variations of refresh 

RAS-only refresh 

CA^-before-RA5 refresh 

Hidden refresh 
Operating Ambient Air Temperature: 0**C to +70°C 
HB561003AR is leaded type 
HB561003B is leadless type (socket type) 



IPIN ARRANGEMENT 









































/ 








/ 




• 




y 




J 




y 




/ 




/ 


h 


rH¥ 


\^ 


¥m 


n 


njK 


TJ 


mr 


IT 


mm 


1 


^\^ 


mnnn 


Jim 


u 


mn. 



(Side View) 



or S: « cy ^ cy a. < < cu -^ 



Notes: 1. HB56100 3B'sp in arrangement is same as HD561003AR's. 

2. Common CAS control for eight common Data-in and Data-Out 
lines. 

3. Separate PCAS control for one separate pair of Data-in and 
Data-Out lines. 

4. The common I/O feature dictates the use of only early write 
operations to prevent contention on Din and Dout. 



PIN DESCRIPTION 



A0-A8 


Address Inputs 


CAS. PCAS 


Column Address Strobes 


DQ0-DQ7 


Data In/Data Out 


PD 


Data In 


NC 


No Connection 


PQ 


Data Out 


RAS 


Row Address Strobes 


WE 


Write Enable 


Vcc 


+ 5V Supply 


Vss 


Ground 
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■functional block diagram 



HB561 003 Series 



Ao 
Ai 

A2 
A3 

y 1 


-m 

(5) 


\ 


(7) 




(«) 




(11) 


"^ 


As 
Ae- 


(12) 


N 


(11) 


^ 


(15) 


N 


\h- 


(17) 


"^ 



I)Q2'! 



PTasIM- 



-,(29) 



Ml 



Ao^As 
CA5 

WE 

Din Dout 

Vcc \ ii, 



Ao-A« 
RAS 



■> CAS 

i>|wE 

Dm 



RIB 
CTS 



OJWK 

Dm 



\li 



Dout DQ« 



■\0~\^ 

RAS 
CAS 
WE 
Dm Dout 



^-.^ (9) ^Ci---/|sC. 

(22) I * * 



DQ7- 



Ms 



Ao~A« 

RAS 

CAS 

We 

Dm Dout 



-O RAS 

->CAS 



Mb 



WE 

Dm Dout 

Ice I 



M7 



i>R\S 
i>CAS 



0-WE 
Dm 



^RAS 
^>CAS 



Ao~A« 
RA§ 



-C>Cls 

-OWE 
Dm 



Dm 

Vcc Vss 

zr— 




■ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to )/$$: -IV to +7V 
Operating temperature, Tg (Ambient): 0*^0 to +70*0 
Storage temperature (Ambient): -55°C to +125**C 
Power dissipation: 9W 
Short circuit output current: 50mA 

■recommended DC OPERATING CONDITIONS ( Ta=0 to +70X) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Notes 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


V,H 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


V,L 


-1.0 


- 


0.8 


V 


1 



Note) 1. All voltages referenced to Vst, 
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HBS61003 Series- 



■DCELECTRICALCHARACTERISTICS(ra = Oto 4-70'C, Vcc=5V + lO%, Vss=OV) 




Parameter 


Test Conditions 


Symbol 


min. 


max. 


Unit 


Notes 


Operating current 


RAS,CAS=cycle 

*»^-«,j« /«c= 260ns 


/cci 


- 


630 

747 


mA 


1 


Standby current 


RAS=V/H,D.«. = HighZ 


ICC2 


- 


40 


mA 




Refresh current 


RAS only refresh 

/»^-r«j« /«c= 260ns 

'«^-"™»" /«c=220ns 


ICC3 


- 


477 
558 


mA 




Standby current 


RAS=V///,Do«.=enable 


Ices 


- 


90 


mA 


1 


Refresh current 


CAS before RAS refresh 
^flc = min /«c- 260ns 
/«c = 220ns 


Ices 


- 


522 
621 


mA 




Page made supply 
current 


RAS=K/L,CAS=cycle, 

. . ^pc = 145ns 

'''^-™" ^Pc = 120ns 


ICC7 


- 


432 
513 


mA 




Input leakage 


0< V,n<7W 


lu 


-10 


10 


M 




Output leakage 


0<K.i<7V,Do»t = disable 


ho 


-10 


10 


M 




Output levels 


High (/o«» = - 5mA) 


VOH 


2.4 


Vcc 


V 






Low (/».,= 4.2mA) 


Vo. 





0.4 


V 





ICAPAaTANCE ( Fee =5V± 10%, ra=25'C) 



Parameter 


Symbol 


typ. 


max. 


Unit 


Notes 


Address 


Cix 


- 


60 


pF 


2 


Clocks 


C/2 


- 


75 


PF 


2.3 


DQ 


Ci/o 


- 


17 


pF 


2.3 


PQ 


Co 


- 


12 


pF 


2.3 


PD 


Ciz 


- 


10 


pF 


2 



Notes: 1. Icc depends on output loading condition when the device is selected, /cc »nax is specified at the output 
open condition. 

2. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

3. CAS = VjH to disable Dout- 



■AC CHARACTERISTICS 

Refer to the HM50256CP data sheet. 

The HB561003 writes data only in early write cycle (%CS ^ 

^WCS (min)). Delayed write cycle is not available because of I/O 

conrrmon. 
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-HB561003 Series 



■package outline 

• HB561003AR Series 



78.74(3.10) 



^ 1 0.500(0.0197) ^1 [2.54(0.: 



100) 



5.08(0.200)n 



30 



(L 



0.250(0.0098) 



• HB561003B Series 



Unit : mmdnch) 



7K7I OHIl max 



aQODQoaaoaoogoQO QQ qooBniQOQOQQ- 






^ 



(0()7()miii) (""Ima^l, 



I 127!g!jj(() ()r,:ga 



Unit '. min(inch) 
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HBS61409 Series 

262,144-word x 9-bit Dynamic Random Access Memory Module 

The HB561409 is a 256k x 9 dynamic RAM module, mounted 
9 pieces of 256k-bit DRAM {HM51256CP) sealed in PLCC 
package. An outline of the HB561409 Is 30-pin single in-line 
package having two types; Lead type (HB561409A) and Socket 
type (HB561409B). Therefore, the HB561409 makes high 
density mounting possible without surface mount technology. 
The HB561409 provides common data input and output, and also 
provides separate I/O on parity bit for parity check. Its module 
board has decoupling capacitors to reduce noise. 



Features 

• 262,144 words X 9 bits organization 

• Industry standard 30-pin Single In-line Package Memory Module 

• Single 5V (±10%) 

• Utilizes nine 256K Dynamic RAMs in PLCC (HM51256CP) 

• HB561409A/B operates as nine HM51256CPs as shown in the 
functional block diagram 

• Low Power: Operating 1,800mW (typ) (tRc = 180ns) 

Standby 60mW (typ) 

• High speed: Access time from RAS (max) = 100ns 

Access time from address (max) = 55ns 
Read or write cycle (min) = 180ns 

• High speed page mode capability {tpc = 65ns) 

• TTL compatible 

• 256 refresh cycles/4ms 

• 3 variations of refresh 

RAS-only refresh 
CAS-before-RAS refresh 
Hidden refresh 

• Operating Ambient Air Temperature O'^C to +70°C. 

Pin Arrangement 



r-<c<ic*5xs"mtf>t^ooo^Oi-icacn-«*io«>t^ooo^Or-ic^)coTj<intot^oooso 

^^^^^^^^^^ ^ •-< rH rH T-H t-l rH r-l f-H r-H C^a CM CM C>a evi C^J CVI CM eVJ CM 00 

u|c/D o o "-H »-< CM CO jg CM rf in CO to t> Ti« 00 o O !£l[jJ "Si^ U ^ cvkn\(r> r^ ^ 
JoQ Q Q Q O ^"^Qits; 0*^0 ^l^o 

(Side View) 
Notes: 1. HB561409B's pin arrangement is same as HB561409A's. 

2. Common CAS control for eight common Data-in and Data- 
Out lines. 

3. Separate PC AS control for one separate pair of Data-in and 
Data-Outlines. 

4. The common I/O feature dictates the use of only early write 
operations to prevent contention on Din and Dout, 



Ordering Information 



Type No. 



Access 
Time 



Package 



HB561409A-10 100ns 



30-pin SIP 
Lead Type 



HB561409B-10 100ns 



30-pin SIMM 
Socket Type 



Pin Description 



A0-A8 


Address Inputs 


CAS, PCAS 


Column Address Strobe 


DQ0-DQ7 


Data In/Data Out 


PD 


Data In 


NC 


No Connection 


PQ 


Data Out 


RAS 


Row Address Strobe 


Vcc 


+ 5V Supply 


Vss 


Ground 


WE 


Write Enable 
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Functional Block Diagram 



Al-f 

A2-ro- 

A5^ 



14' 



(15i 



17' 



(27 

RAS TT 
CAS 721 
WE -^^ 



PD 



(29) 



•'SA -——1 



Ml 



A0-A 8 

i>l RAS 

i> CAS 

{>) WE 
Dm D 
Vcc V 



M2 



A0-A8 

RAS 

CAS 

WE 

Dm Dout 

Vcc Vss 



IM3 



iDQ5- 



A0-A8 
^ RAS 
<> CA_S 
iH WE 

Dm 



Dout 

Vss 



|M4 



A0-A8 

RAS 
^>j CAS 
i>| WE 

Dm Di 



/p CI --/T\ C 



M5 



A0-A8 

RAS 

CAS 

WE 

Dm Dout 

Vcc V,s 



M6 



A0-A8 
RAS 
CAS 
WE 

Dm D< 
Vcc V, 



M7 



A0-A8 

RAS 

CAS 

WE 

Dm Dout 

Vcc V,s 



I M8 I 



A0-A8 

RAS 

CAS 

WE 

Dm 

Vcc 



Dout 
Vss 



J^ RAS 
^ CAS 



-HB561 409 Series 




Absolute Maximum Ratings 

Voltage on any pin relative to Vss -IV to +7V 

Operating temperature, Tg (Ambient) 0°C to +70°C 

Storage temperature (Ambient) -55**C to +125°C 

Power dissipation 9W 

Short circuit output current 50mA 



Recommended DC Operating Conditions (Ta = to +70° C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High voltage 


VlH 


2.4 


— 


5.5 


V 


1 


Input Low voltage 


ViL 


-1.0 


- 


0.8 


V 


1 



Note) 1, All voltages referenced to F55. 
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DC Electrical Characteristics (Ta = to +70°C, Vcc = 5V ± 10%, Vss = OV) 



Parameter 


Symbol 


Min 


Max 


Unit 


Notes 


Operating current tRC = 180ns 


Iccl 


- 


540 


mA 


*1 


Standby current 


Icc2 


- 


18 


mA 




Refresh current tRc = 180ns 


Icc3 


— 


540 


mA 


RAS only refresh 


Standby current (Dout Enable) 


Icc4 


- 


54 


mA 


*1 


Refresh current tRC= 180ns 


Icc5 


— 


495 


mA 


CAS before RAS refresh 


Operating current tpc = 65ns 


Icc6 


- 


540 


mA 


* 1, High speed page mode 


Input leakage 0<Vin<7V 


Ili 


-10 


10 


/.A 




Output leakage 0<Vout<7V 


Ilo 


-10 


10 


/^A 


Dout is disabled 


Output levelsHigh Iout= -5mA 


VOH 


2.4 


Vcc 


V 




Low lout = 4.2mA 


Vol 





0.4 


V 





Notes: *1. Icc depends on output loading condition when the device is selected, Icc n^^ix is specified at the output open 
condition. 



Capacitance ( 


Vcc = 


5V±10%,Ta = 


= 25 


°C) 










Parameter 


Symbol 




Type 


Max 


Unit 


Notes 


Address 






Cii 




— 


60 


PF 


*1 


Clocks 






Cl2 




— 


75 


pF 


*1,2 


DQ 






Ci/o 




- 


17 


pF 


*1,2 


PQ 






Co 




- 


12 


pF 


*1,2 


PD 






Cl3 




- 


10 


pF 


*1 



Notes: *1. Capacitance measured with Boonton Meter or effective capacitance 
mea suring method. 
*2. CAS = Viu to disable Dout. 



AC Characteristics 

Read, Write and Refresh Cycles (Common Parameter) (Ta = to +70°C, Vcc = 5V ± 10%, Vgs = OV) 



Parameter 


Symbol 


Min 


Max 


Unit 


Notes 


Random Read or Write Cycle Time 


tRC 


180 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


ns 




RAS Pulse Width 


tRAS 


75 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


- 


ns 




Column Address Set-up Time 


tASC 





- 


ns 




Column Address Hold Time 


tCAH 


25 


- 


ns 




Column Address Hold Time to RAS 


tAR 


80 


— 


ns 




RAS to CAS Delay Time 


tRCD 


25 


70 


ns 


♦ 8 


RAS to Column Address Delay Time 


tRAD 


20 


45 


ns 


♦ 9 


RAS Hold Time 


tRSH 


30 


— 


ns 




CAS Hold Time 


tCSH 


100 


- 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


- 


ns 




Row Address Set-up Time 


tASR 





— 


ns 




Row Address Hold Time 


tRAH 


15 


— 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


ns 


*7 


Refresh Period 


tREF 


- 


4 


ms 
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• Read Cycle 



Parameter 


Symbol 


Min 


Max 


Unit 


Notes 


Access Time from RAS 


tRAS 


- 


100 


ns 


*2, *3 


Access Time from CAS 


tCAC 


- 


30 


ns 


*3, +4 


Access Time from Address 


tAA 


- 


55 


ns 


♦ 3, *5 


Read Command Set-up Time 


tKCS 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


55 


- 


ns 




Output Buffer Turn-off Time 


tOFF 





30 


ns 


♦ 6 


• Write Cycle 


Parameter 


Symbol 


Min 


Max 


Unit 


Notes 


Write Command Set-up Time 


twcs 





- 


ns 


♦ 10 


Write Command Hold Time 


tWCH 


30 


- 


ns 




Write Command Hold Time to RAS 


tWCR 


85 


- 


ns 




Write Command Pulse Width 


tWP 


25 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


30 


- 


ns 




Write Command to CAS Lead Time 


tCWL 


30 


- 


ns 




Data-in Set-up Time 


tDS 





- 


ns 


♦ 11 


Data-in Hold Time 


tDH 


25 


- 


ns 


♦ 11 


Data-in Hold Time to RAS 


tDHR 


80 


- 


ns 




• Refresh Cycle 


Parameter 


Symbol 


Min 


Max 


Unit 


Notes 


CAS Set-up Time 

(CAS before RAS Refresh) 


tCSK 


10 


- 


ns 




CAS Hold Time 

(CAS before RAS Refresh) 


tCHR 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRrc 


15 


- 


ns 




• High Speed Page Mode Cycle 


Parameter 


Symbol 


Min 


Max 


Unit 


Notes 


High Speed Page Mode Cycle Time 


tl'C 


65 


- 


ns 


*12 


High Speed Page Mode RAS Pulse 
Width 


tRAPC 


75 


75000 


ns 


♦ 13 


CAS Precharge Time 


tCP 


20 


- 


ns 




Write Invalid Time 


twi 


15 


— 


ns 




Access Time from Column 
Precharge Time 


tCAP 


- 


60 


ns 


♦ 14 




Notes) * 1 . AC measurements assume tj = 5ns. 



*2. Assumes that t^cD ^ tj^cp (n*ax) and tR^D ^ ^r^D (i^ax). If ^RCD or tR^-D is greater than the maximum 

recommended value shown in this table, tRAC ^'^^^^^s the value shown. 
*3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
*4. Assumes that tRCD § ^rcd i^^) ^^^ ^rad ^ ^r^d (max). 
*5. Assumes that tRCD i tRCD ^^^^^ *"^ ^rad ^ ^rad (i^ax.) 

toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 

output voltage level. 
*7. ViH (min) and Vit (max) are reference levels for measuring timing of input signals. Also, transition times are 

measured between Vjh and Vjl. 
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8. Operation with the tRCD(niax) limit insures that tRAC(niax) can be met. tRCD(max) is specified as a re- 
ference point only; if tRCp is greater than the specified tRCpCmax) limit, then access time is controlled 
exclusively by tcAC 

9. Operation with the tRA.D(max) limit insures that tRAC(niax) can be met. tRy^D(max) is specified as a 
reference point only; if t^^^D is greater than the specified tR;\^£)(max) limit, then access time is controlled 
exclusively by t^A- 

10. Only early write cycle to prevent c onten tion on Data in and out (twcs = 0)- 

11. These parameters are referenced to CAS leading edge in early write cycle. 

12. Assumes that t^^gQ^= tcp. 5ns. 

13. ^RAPC definesRAS pulse width in High Speed Page mode cycle. 

14. Access time is determined by the longer ott/j^ or tcAC or tcy^p. 

15. An initial pause of lOOusis required after power-up then execute at least 8 initialization cycles. 

16. At least, 8 CAS before RAS refresh cycles are required before using an internal refresh counter. 



Timing Waveforms 

Refer to the HM51256CP data sheet. 



Package Outline, Unit; mm (inch) 
HB561409A 




HB561409B 



(0.133) 



(0.125DIA) 



(0.250] 



(0.080) 



82.14(3.234) 



\y 



78.74(3. 10)max 



-(> I 



nQaQgaagODD 



(0.300) 



DDnnDDDa nnnnDDaDDa 



(0.070) 



30 



2.54(0.100) 



W 
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HBS61008 Series 

262,144-word x 8-bit Dynamic Random Access Memory Module 

The HB561008AR/B is a 2M dynamic random-access memory module organized as 262,144 x 8 bits in a 
30-pin single in-line package comprising eight HM50256CP, 262,144 x 1 bit dynamic RAMs in 18-pin Plastic 
Leaded Chip Carrier mounted on top of a substrate together with decoupling capacitors. 

■ FEATURES 

• 262,144 words x 8-bits Organization 

• Industry standard 30-Pin Single In-line Package Memory Module 

• Single 5V (±10%) 

• Utilizes eight 256K Dynamic RAMs in PLCC (HM50256CP) 

• HB561008AR/B operates as eight HM50256CPs as shown In the functional block diagram. 

• Lower Power; Operating: 1,920mW typ. (f/?c = 260ns) 

Standby: 120mWtyp. 

• Highspeed: 





Access Time 
from RAS (max) 


Access Time 
from CAS (max) 


Read or Write 
Cycle (min) 


HB561008AR/B-12 


120ns 


60ns 


220ns 


HB561008AR/B-15 


150ns 


75ns 


260ns 



• Page mode capability 

• TTL compatible 

• 256 refresh cycles: (4ms) 

• 3 variations of refresh 

RAS-only refresh 
CAS-before-RAS" refresh 
Hidden refresh 

• Operating Ambient Air Temperature: to +70°C 

• HB561008AR Leaded type 

• HB561008B Leadless type (socket type) 

■pin ARRANGEMENT 




o 


HDD 


DDDC 


DDDD 


DDD 


) 
DDDC 


]DDD 


DDD 


> 
□ DD 


O 
DDDD 



3'-?<0'<<j>g<<g' 



gls: -^ g^ ^- g^l^ 7 ^ jr 



(Side View) 



Notes: L HB561008AR's pin arrangement is same as HB561008B's. 

2. Common CAS control for eight common Data-in and Data-Out 
lines. 

3. The common I/O feature dictates the use of only early write 
operations to prevent contention on Data-in and Data-out. 



PIN DESCRIPTION 



A0-A8 


Address Inputs 


CAS 


Column Address Strobes 


DQ0-DQ7 


Data In/Data Out 


NC 


No Connection 


RAS 


Row Address Strobes 


WE 


Write Enable 


Vcc 


+ 5V Supply 


Vss 


Ground 
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■ FUNCTIONAL BLOCK DIAGRAM 





Ci) 


> 




(7» 




vH' 




(Il> 






112) 






(111 




,'' I IV ^ 


{' (171 N 






\ 
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M2 
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RAS 
CTS 

wF: 

Dm r 



Ml 



Ao- \8 
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■OWF: 

Din Do. 



-O 



M4 



-, Dye^- 



/- \o-\8 
-OR^ 

-ons 



wl: 

Din Dout 



±, If 

,jx ( I— ^t I 



\0~\8 

K\S 
-C>CTS 

-C>wn 



Olus 



loUl -| 



(JAS 
\\F 
Diti 



Dout 

r«.s 



\0-\h 

OJRAS 

■t>rAs 

Dm 



M« 



RlS 

cTs 



■ ABSOLUTE MAXIMUM RATING 

Voltage on any pin relative to Vss' -IV to +7V 
Operating temperature, Tg (Ambient): 0°C to +70°C 
Storage temperature (Ambient): -55°C to +125°C 
Power dissipation: 8W 
Short circuit output current: 50mA 

■recommended DC OPERATING CONDITIONS ( Trt-O to +70^) 



Parameter 


Symbol 


mm 


typ. 


max 


Umt 


Notes 


Supply Voltage 


Vcc 


4 5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


24 




65 


V 


1 


Input Low Voltage 


Vn 


- 10 




0.8 


V 


1 



Note) 1 All voltages referenced to V■,^ 
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■DC ELECTRICAL CHARACTERISTICS (7fl=0 to +70C. Kcc-5V f 10?c?. l/ss-OV) 



HB561 008 Series 



Parameter 


Test Conditions 


Symbol 


min 


max. 


Umt 


Notes 


Operating current 


RAS, CAS=cycle 
tRc = min 


/«c= 260ns 
/«c= 220ns 


/((. 


- 


560 
660 


mA 


1 


Standby current 


RAS=K///. Dou. = HighZ 


IU2 


__ 


36 


mA 




Refresh current 


RAS only refresh 
tRC = min 


^«c = 260ns 
/Rc= 220ns 


/(O 


- 


425 
495 


mA 




Standby current 


RAS= ViH, Dout= enable 


Icco 


- 


80 


mA 


1 


Refresh current 


CAS before RAS refresh 
^/ic = min 


fRc= 260ns 
tRC = 220ns 


/ccb 


- 


465 
550 


mA 




Page mode supply 
current 


RAS=K/L,CAS=cycle, 
tpc = min 


frc= 145ns 
6-c= 120ns 


/CC7 


- 


385 
455 


mA 




Input leakage 


0< 1/,„<7V 


//./ 


-10 


10 


/iA 




Output leakage 


0< K,u,<7V,D..u. -disable 


Ii.n 


-10 


10 


i"A 




Output levels 


High (/»«.- -5mA) 


VOH 


2.4 


Vic 


V 






Low (/.,u/ -4.2mA) 


Vol 





0.4 


V 





■CAPACITANCE ( Fee = 5V± 10%, Ta=2S'C) 



Parameter 


Symbol 


typ. 


max. 


Umt 


Notes 


Address 


C/i 


- 


55 


PF 


2 


Clocks 


C/2 


- 


70 


pF 


2,3 


DQ 


Ciw 


-- 


17 


pF 


2.3 



Notes: 1 . Icc depends on output loading condition when the device is selected, Icc ^^^ ^s specified at the output 
open condition. 

2. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

3. CAS = Vfff to disable Douf 



■ AC CHARACTERISTICS 

Refer to the HM50256CP data sheet. 

The HB561008 writes data only in early write cycle {%cs = 
^WCS (min)). Delayed write cycle is not available because of 
I/O common. 
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■PACKAGE OUTLINE; Unit: mm (inch) 

• HB561008AR Series 



78.74(3.10) 



0.500(0.0197) 



^1 1^2.54(0. 



100) 



5.08(0.200)max. 



I" 



B' 4 



30 



0.250(0.0098) 



• HB561008B Series 



(0133) 



(0.125DIA) 



(0.250 : 



b 



<> I 



^ 



□□□DDDDQI 



(0.300) 



oa Q QDDaaa Q Q g QaD Q QP 



5.08max. 
(0.200) 



1 97+0 IS 
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HB56D25608A/B-6H/7H/8A/10A/12A 

262,144-Word x 8-Bit High Density Dynamic RAM l\/lodule 

■ DESCRIPTION 

The HB56A25608 is a 256K x 8 dynamic RAM module, mounted 
two 1-Mbit DRAIVI (HI\/I514256A) sealed In SOJ package. An outline 
of the HB56A25609 is 30-pin single In-line package having Lead 
types (HB56A25608A), Socket type (HB56A25608B). Therefore, the 
HB56A25608 makes high density mounting possible without surface 
mount technology The HB56A25608 provides common data inputs 
and outputs. Its module board has decoupling capacitors beneath 
the each SOJ. 

■ FEATURES 

• 30-Pin Single In-Line Package 

Lead Pitch 2.54mm 

• Single 5V (± 10%) Supply 

• High Speed 

Access Time 60/70/80/1 00/1 20ns (max.) 

• Low Power Dissipation 

Active Mode 990/880/726/605/517/mW (max.) 

Standby Mode 22mW (max.) 

• FastJPage Mode Capability 

• 512 Refresh Cycle 8ms 

• 2 Vsmatjons of Refresh 

IRAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HB56D25608A-6H 

HB56D25608A-7H 

HB56D25608A-8A 

HB56D25608A-10A 

HB56D25608A-12A 


60ns 
70ns 
80ns 
100ns 
120ns 


30 pin SIP 
Lead Type 


HB56D25608B-6H 

HB56D25608B-7H 

HB56D25608B-8A 

HB56D25608B-10A 

HB56D25608B-12A 


60ns 
70ns 
80ns 
100ns 
120ns 


30 pin SIP 
Socket Type 



Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


Vcc 


16 


DQ4 


2 


CAS 


17 


Ag 


3 


DQo 


18 


NC 


4 


Ao 


19 


NC 


5 


A, 


20 


DQ5 


6 


DQ, 


21 


WE 


7 


A2 


22 


Vss 


8 


A3 


23 


DQ6 


9 


Vss 


24 


NC 


10 


DQ2 


25 


DQ7 


11 


A4 


26 


NC 


12 


A5 


27 


RAS 


13 


DQ3 


28 


NC 


14 


A6 


29 


NC 


15 


A7 


30 


Vcc 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-Ag 


Address Input 


Ao-Ag 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQo ~ DQ7 


Data-In/Data-Out 


Vcc 


Power Supply (+5V) 


Vss 


Ground 


NC 


Non-Connection 




PIN OUT 
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HB56D25608A/B-6H/7H/8A/10A/12A 
■ BLOCK DIAGRAM 



AO-ilL 

AiJ5L 

A2-iZL 

A3J8L 

A4 



illl 



A5iI2L 
A6-il^ 

A8-0Ii- 



igZL 



RAS 
CAS 



(2) 



(1) 



Vcc 



Vcc-i^OI- 



Vss-iSI. 
Vss-(22L 



Ml 
A0-A8 



RAS 
CAS 
WE 



1/01 
1/02 
I/O 3 
I/O 4 
OE 
Vcc Yss 



C1 

HH 



M1 
A0-A8 I/0 1 



RAS 
CAS 
WE 



1/0 2 

1/0 3 

I/O 4 

OE 

Vcc Vss 



02 

HH 



(3) 



(6) 



DQO 



DQ1 



(13) 



DQ3 



^ 



(16) 



DQ4 



-^DQS 
(23) HM514256JP 



(25) 



D07 



^ 
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HB56D25608A/B-6H/7H/8A/10A/12A 



■ PHYSICAL OUTLINE 
• HB56D25608A Series 



2.54 



0.100 













78.74 








3.100 






1 

d 


/ 










□ DDDDq 
a DD B 
° DDDD° 


s. 




r 







1 

lO 




Jiilli' 


tUnUnllf 


fliffllnilnili 


fninilnllnlln] 


llnMIIWilJnllnllfi 



0.50 
0.197 



Unit: r 



mm 



i 



inch 
5.28 max 



0.208 



1.27 



0.050 



• HB56D25608B Series 



2.03 



0.080 
7.62 



0.300 



88.90 



3.500 



82.14 



3.234 



^> 



^ 



2.54 



0.100 




^ 



DDDD 
a DD B 
°DDDD° 







Mmr)m^_r\(hr\mr\nr\mr\nc\r\C\mr)m<^ 30 



3.175 



0.125 



1.78 
0.070 



Detail A 







^ 




0.25 max. 
0.010 




M 


1.80 min. 
0.071 






















1.78 
0.070 



5.28 max 



0.208 




1.27 



0.05 



NOTE: The plating of the contact finger is solder coat. 
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HB56D25608A/B-6H/7H/8A/10A/12A 
■ ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to + 7.0 


V 


Short Circuit Output Current 


^out 


50 


mA 


Power Dissipation 


Pt 


2 


W 


Operating Temperature 


T 


to + 70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


ViH 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



NOTE: 1 . All voltage referenced to Vss- 

■ DC ELECTRICAL CHARACTERISTICS (T^ = to +70°C, Vcc = 5V ± 10%, Vss = OV) 





Symbol 


Test Conditions 


HB56D25608A/B 


Unit 




Parameter 


-6H 


-7H 


-8A 


-lOA 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Operating Current 


Ice. 


^RC ~ ^i"- 


- 


180 


- 


160 


- 


132 


- 


110 


- 


94 


mA 


1,2 


Standby Current 


IcC2 


TTL Interface 
RAS, CAS = V,H 
DouT = High-Z 


- 


4 


- 


4 


- 


4 


- 


4 


- 


4 


mA 




CMOS Interface 

RAS, CAS > Vcc -0-2V 

DouT = High-Z 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




RAS-Only 
Refresh Current 


ICC3 


tRc = Min. 


- 


180 


- 


160 


- 


132 


- 


110 


- 


94 


mA 


2 


Standby Current 


ICC5 


RAS = V,H, CAS = VjL 
DouT = Enable 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


mA 


1 


CAS-Before-RAS 
Refresh Current 


ICC6 


tRc = Min. 


- 


180 


- 


160 


- 


132 


- 


110 


- 


94 


mA 




Fast Page 
Mode Current 


ICC7 


tpc = Min. 


- 


180 


- 


160 


- 


110 


- 


110 


- 


94 


mA 


1,3 


Input Leakage 
Current 


Ili 


OV < ViN < 7V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/iA 




Output Leakage 
Current 


Ilo 


OV < VouT ^ 7V 
DouT = Disable 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


mA 




Output High 
Voltage 


VoH 


louT = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Iqut - 4.2mA 





0.4 





0.4 





0.4 





0.4 





0.4 


V 





NOTES: 1 . Ice depends on 

2. Address can be 

3. Address can be 



output load condition when the device is selected, Ice max. is specified at the output open condition, 
changed less than three times while RAS = Vil. 
changed once or less while CAS = Vih. 
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I CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) 



HB56D25608A/B-6H/7H/8A/10A/12A 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Cii 


— 


25 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


30 


pF 


1 


Input/Output Capacitance (DQ0-DQ7) 


Q/01 


— 


17 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS (T^ = to 70°C, Vcc = 5V ± 10%, Vss = OV) (D, (12) 
• Read, Write and Refresh Cycle (Common Parameter) 





Symbol 


HB56D25608A/B 


Unit 




Parameter 


-6H 


-7H 


-8A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Mm. 


Max. 


Min. 


Max. 


Min. 


Max. 


Mm. 


Max. 




Random Read or Write Cycle Time 


tRC 


125 


- 


140 


- 


160 




190 


- 


220 


- 


ns 




RAS Precharge Time 


^RP 


55 


- 


60 


- 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


^RAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tcAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


USR 





- 





- 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


10 


- 


10 


- 


12 


- 


15 


- 


15 


- 


ns 




Column Address Setup Time 


tASC 





- 





- 





- 





- 





- 


ns 




Column Address Hold Time 


tcAH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




CAS Hold Time 


tcSH 


60 


- 


70 


- 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS Precharge Time 


tcRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


ns 


15 



Read Cycle 





Symbol 


HB56D25608A/B 


Unit 




Parameter 


-6H 


-7H 


-8A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Access Time from RAS 


^RAC 


- 


60 


- 


70 


- 


80 


- 


100 


- 


120 


ns 


2,3 


Access Time from CAS 


tcAC 


- 


20 


- 


20 


- 


25 


- 


25 


- 


30 


ns 


3,4 


Access Time from Address 


tAA 


- 


30 


- 


35 


- 


40 


- 


45 


- 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





- 





- 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


^RCH 





- 





- 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer TUrn-Off Time 


k)FF 


- 


20 


~ 


20 


- 


20 


- 


25 


- 


30 


ns 


6 
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HB56D25608A/B-6H/7H/8A/10A/12A 
• Write Cycle 





Symbol 


HB56D25608A/B 


Unit 




Parameter 


-6H 


-7H 


-8A 


-10 A 


-12A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


%CH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




Write Command Pulse Width 


Wp 


10 


- 


10 


- 


15 


- 


15 


- 


20 


- 


ns 




Data-in Setup Time 


tDS 





- 





- 





- 





- 





- 


ns 


11 


Data-in Hold Time 


tDH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 


11 



• Refresh Cycle 






























Symbol 


HB56D25608A/B 


Unit 




Parameter 


-6H 


-7H 


-8A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tcHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


^RPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





• Fast Page Mode Cycle 





Symbol 


HB56D25608A/B 


Unit 




Parameter 


-6H 


-7H 


-8A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


55 


- 


65 


- 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


- 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




Fast Page Mode RAS Pulse Width 


^RASC 


60 


100000 


70 


100000 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time from CAS Precharge 


tACP 


- 


40 


- 


45 


- 


50 


- 


50 


- 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


40 


- 


45 


- 


50 


- 


50 


- 


60 


"" 


ns 





NOTES: 1. AC measurements assume tx = 5ns. 

2. Assumes that Ircd ^ tRco (max.) and Irad ^ Irad (max.). If Ircd or Irad is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that Ircd ^ tRCD (max.), Irad ^ Irad (max.). 

5. Assumes that Ircd ^ Ircd (max.), tRAD ^ Irad (max.). 

6. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vm and Vil. 

8. Operation with the tRCD (max.) limit insures that tRAC (max.) can be met, tRCD (max.) is specified as a reference 
point only, if tRCD is greater than the specified Ircd (max.) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the Irad (max.) limit insures that tRAC (max.) can be met, Irad (max.) is specified as a reference 
point only, if tRAD is greater than the specified Irad (max.) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (twcs^twcs (min.)) 

1 1 . These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 fis is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). 

13. tRASc defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of Iaa or tcAC or tACP- 

15. tREF defines is 512 refresh cycles. 
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HB56D25608A/B-6H/7H/SA/10A/12A 



I TIMING WAVEFORMS 
Read Cycle 



RAS 



CAS 



il^ 



n: 



tASR^ 



Address 
WE 

Dout 
Din 



^: 



tRC 



Jras 



^RCD 



tcSH 



N. / 



-^^BMLh 



tASC 



tRAD 



Row 



7 



)x^: 



tRSH 



tCAS ^ 



j^CAH 



tRAL 



^ ^ ^RP ^ 



Column 



tAR 



w//////////// 



Jrcs^ 



tCRP ^ 



X 




^ tcAC 



tAA 



tRAC 



tRCH 



tRRH 



W/////////A 



tOFF 



^ ^ Output j ^ 



High-Z 



Y////\ : Don't care 
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HB56D25608A/B-6H/7H/8A/10A/12A 
• Early Write Cycle 



RAS 



CAS 



n: 



tASR^ 



Address 



w^'. 



tRC 



Jras 



tRCD 



tcSH 



<^»AH^ . 



tASC 



N. 



^ ^BAD ^ 



WE 



twCR 



tRSH 



tCAS 



/ 



:'f~^\ 



*RP 



-* iCRP_^ 



tCAH 



tRAL 



X 



^:-y^y»K^^ ^///////////////^. 



twcs^ 



y///////////////K 



tDHR 



tos 



twCH 



twp 



^tDH^ 



' ///////////////////, 



00.. y/////////////^ ':^r; ^//////////////////A 



Din 



High-Z 



^ 



Doni care 
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HB56D25608A/B-6H/7H/8A/10A/12A 



RAS Only Refresh Cycle 



RAS 



^; 



5^ ^ 






tASR 



tRC 



tRAS 






^_tRPC 



• V////////A 



z 



tRAH 



Address vz^':^.' ^^7^^7:v//////////////////////////A 



Dout 



High-Z 



Z 

1 WE : Dont care 

2 Y////\ ' ^^^^ ^^''® 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 




1 Address, Din: Dont care 

2 Dout: High-Z 
3 ^^^ : Dont care 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 975 



HB56D25608A/B-6H/7H/8A/10A/12A 
• Fast Page Mode Read Cycle 



RAS 



CAS 



tASR, 



tRASC 



tcSH 



-* ^RCD ^ 



tRAD 



Jm. 



tASC 



tRCS^ 



J^AS^ 



>^^^^^^'''~"\ 



tCAH 



m ^////////m 



Dout 
Din 



tRCH 



tcp 



tASC, 



Address / ^ Row ^^ p<^ , Column I^ KZ^ ^C^^^^ 



JCAC^ 



tAA 



tRAC 



tpc 



.^tcAS^ 



tCAH 
"< — > 



1 



Irhcp 



'j^~~\ 



^ASC, 



1 mCH 
tRCS 




JCAC. 



(aa 

tACP 



tpFF 



tRSH, 



tCAS 





I tRCS 



tRP 

-* — > 



/' 



tCRP 



tCAC . 



tAA 
tACP ^ 



tOFF 



ViSd ^i 7^ Vaiid ^s^ ?^ Valid ^. 

Output 1 7 ? 3 ^^ Output 2 ^ t S ^ Output N / - 



tRRH 



Wl 



tOFF 



High-Z 



Y////\ : Dont care 
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HB56D25608A/B-6H/7H/8A/10A/12A 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



N. 



tASR 



tRASC 



tcSH 



tRCD 



tRAD 



im. 



tASC 



twcs 



WE V/////////A 



^^iCAS^ 



tCAH 

-< >" 



tcp 

^ — j >. 



tos 



tASC, 



twcs^ 



twCH 

< >■ 



twp^ 



tDH 
-* >- 



;^: 



tps^ 



Do^ 7MMZK^lym^£mAW^/<mM. 



twcs 



twCH 
"< — >■ 



Address /^ [ Row ^ ^^^ , Column I^ ^^^^ ^Coiumn 2 ^ ^^^^ ^Colum^ 

H 



tpc 



JCAS^ 



>^'''~^^^_ir-"s. / 



tRHCP ^ 



tCAH 
■< ► 



tASC, 



twp. 



tDH 



\mh. 



, tRSH , 



tCAS 



K — K 

^ tRp 



tCRP 



tCAH 

■< — >- 



tos^ 



twCH 

twp, 



tDH 



Din 



High-Z 



y///^ : Dont care 
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HB56D25609A/B-85A/10A/12A 

262,144-Word x 9-Bit High Density Dynamic RAM IVIodule 

■ DESCRIPTION 

The HB56A25609 is a 256K x 9 dynamic RAM module, mounted 
two 1-Mbit DRAM (HM514256A) sealed in SOJ package and 256Kbit 
DRAM (HM51256) sealed in PLCC package. An outline of the 
HB56A25609 is 30-pin single in-line package having Lead types 
(HB56A25609A), Socket type (HB56A25609B). Therefore, the 
HB56A25609 makes high density mounting possible without surface 
mount technology The HB56A25609 provides common data inputs 
and outputs and also provides separate I/O on parity bit for parity 
check. Its module board has decoupling capacitors beneath the 
each SOJ and PLCC. 

■ FEATURES 

• 30-Pin Single In-Line Package 

Lead Pitch 2.54mm 

• Single 5V (db 10%) Supply 

• High Speed 

Access Time 85/100/120ns (max.) 

• Low Power Dissipation 

Active Mode 1.11/0.94/0.79mW (max.) 

Standby Mode 33mW (max.) 

• Fast Page Mode Capability 

• 512 Refresh Cycle 8ms 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HB56D25609A-85A 
HB56D25609A-10A 
HB56D25609A-12A 


85ns 
100ns 
120ns 


30 pin SIP 
Lead Type 


HB56D25609B-85A 
HB56D25609B-10A 
HB56D25609B-12A 


85ns 
100ns 
120ns 


30 pin SIP 
Socket Type 



PIN OUT 




Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


Vcc 


16 


DQ4 


2 


CAS 


17 


Ag 


3 


DQo 


18 


NC 


4 


Ao 


19 


NC 


5 


A, 


20 


DQ5 


6 


DQ, 


21 


WE 


7 


A2 


22 


Vss 


8 


A3 


23 


DQ6 


9 


^ss 


24 


NC 


10 


DQ2 


25 


DQ7 


11 


A4 


26 


PQ 


12 


A5 


27 


RAS 


13 


DQ3 


28 


PCAS 


14 


A6 


29 


PD 


15 


A7 


30 


Vcc 



PIN DESCRIPTION 



Pin Name 


Function 


Ao ~ Ag 


Address Input 


Ao-Ag 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS, PCAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQo ~ DQ7 


Data-In/Data-Out 


PD 


Data-in for Parity 


PQ 


Data-Out for Parity 


Vcc 


Power Supply (+5V) 


Vss 


Ground 


NC 


Non-Connection 
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HB56D25609A/B-85A/10A/12A 
■ BLOCK DIAGRAM 



AO 
A1 
A2 
A3 
A4 



M. 



JgL 



JZL 



(B) 



JUL 



A5-tHL 
AeiHL 

A7il2- 

AsilZL 



RAsi?ZL 

cAsiHL 
weM. 



PCAS 



(28) 



ill 



Vcc 

VccJ[32L 

VSS-15L 



VssJ22L 



Ml 
A0-A8 I/0 1 



RAS 
CAS 
WE 



1/0 2 
1/0 3 
I/O 4 

OE 
Vcc Vss 



Hh 



CI 



M2 
A0-A8 I/0 1 

RAS I/O 2 

CAS 1/0 3 

WE 1/0 4 

OE 

Vcc Vss 



HhC2 



M3 
A0-A8 

RAS 

CAS 

WE 



Dout 



Din 



Vcc Vss 



HhC3 



(3) 



(6) 



(10) 



(13) 



DQO 
DQ1 
DQ2 
DQ3 



HM514256JP 



^ 



(16) 



(20) 



(23) 



(25) 



DQ4 
DQ5 
DQ6 
DQ7 



HM514256JP 



^ 



(26) 



(29) 



PQ 



PD 



HM51256CP 
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HB56D25609A/B-85A/10A/12A 



■ PHYSICAL OUTLINE 
• HB56D25609A Series 




Unit: 






IM 



0.100 



mm 
inch 

5.28 max 



0.208 



1.27 



HB56D25609B Series 




88.90 



3.500 



82.14 



3.234 







I ii)iiir<nr)nt>^rtrhr)mr,iv<nr)rir)rtnr<mmr,/tt 30 



3.175 



*" 0.125 



1.78 
0.070 



73.66 



0.300 



Detail A 



2.900 







^^ 




0.25 max. 
0.010 




M 




1 .80 min. 
0.071 


























1.78 
0.070 





5.28 max 



0.208 




1.27 



NOTE: The plating of the contact finger is solder coat. 
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HB56D25609A/B-85A/10A/12A 

■ ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to W^s 


Vt 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-l.Oto + 7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


3 


W 


Operating Temperature 


Topr 


to + 70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T^ = to +70''C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


_ 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



NOTE: 1 . All voltage referenced to Vss- 



■ DC ELECTRICAL CHARACTERISTICS (Ta = to +70°C, V 


cc = 5V ± 10%, Vss 


= 0V) 










Symbol 


Test Conditions 


HB56D25609A/B 


Unit 




Parameter 


-85A 


-lOA 


-12A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Operating Current 


Icci 


tRc = Min. 


— 


202 


— 


170 


— 


144 


mA 


1,2 


Standby Current 


Icc2 


TTL Interface RAS, 
CAS = ViH, 
DouT = High-Z 


- 


6 


- 


6 


- 


6 


mA 




CMOS Interface RAS, 
CAS > Vcc -0-2V 
DouT = High-Z 


- 


3 


- 


3 


- 


3 


mA 




RAS-Only 
Refresh Current 


Icc3 


tRc = Min. 


- 


202 


- 


170 


- 


144 


mA 


2 


Standby Current 


ICC5 


RAS = ViH, 
CAS = ViL, 
Dqut - Enable 


- 


16 


- 


16 


- 


16 


mA 


1 


CAS-Before-RAS 

Refresh Current 


ICC6 


tRc = Min. 


- 


192 


- 


165 


- 


139 


mA 




Fast Page 
Mode Current 


ICC7 


tpc = Min. 


- 


180 


- 


170 


- 


144 


mA 


1,3 


Input Leakage Current 


Ili 


OV < ViN < 7V 


-10 


10 


-10 


10 


-10 


10 


M 




Output Leakage 
Current 


Ilo 


OV < VouT ^ 7V, 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


M 




Output High Voltage 


VOH 


Iqut = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Iqut = 4.2mA 





0.4 





0.4 





0.4 


V 





NOTES: 1. Ice depends on output load condition when the device is selected, Ice max. is specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vil. 

3. Address can be changed once or less while CAS = Vm. 
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HB56D25609A/B-85A/10A/12A 



CAPACITANCE (T^ = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Ci, 


— 


30 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


36 


pF 


1 


Input/Output Capacitance (DQ0-DQ7) 


Ci/o 


— 


17 


pF 


1,2 


Input Capacitance (PD) 


Cl3 


— 


10 


pF 


1,2 


Output Capacitance (PQ) 


Co 


— 


12 


pF 


1,2 



NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 

■ AC CHARACTERISTICS (T^ = to 70°C, Vcc = 5V ± 10%, Vss = OV) (D, (12) 
• Read, Write and Refresh Cycle (Common Parameter) 





Symbol 


HB56D25609A/B 


Unit 




Parameter 


-85A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Random Read or Write Cycle Time 


tRC 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tcAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


^RAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 




Column Address Hold Time to RAS 


tAR 


60 


— 


75 


— 


90 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


45 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


85 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


8 


— 


8 


- 


8 


ns 


15 


• Read Cycle 




Symbol 


HB56D25609A/B 


Unit 




Parameter 


-8! 


)A 


-IC 


)A 


-i: 


>A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Access Time from RAS 


tRAC 


— 


85 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-Off Time 


k)FF 





20 





25 





30 


ns 


6 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



983 



HB56D25609A/B-85A/10A/12A 



Write Cycle 





Symbol 


HB56D25609A/B 


Unit 




Parameter 


-85A 


-lOA 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twcH 


20 


— 


25 


— 


30 


— 


ns 




Write Command Hold Time to RAS 


twcR 


65 


— 


80 


— 


95 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tOH 


20 


— 


20 


— 


25 


— 


ns 


11 


Data-in Hold Time to RAS 


toHR 


60 


- 


75 


- 


90 


- 


ns 





• Refresh Cycle 






















Symbol 


HB56D25609A/B 


Unit 




Parameter 


-85A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tcsR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


— 


15 


— 


15 


- 


ns 





• Fast Page Mode Cycle 





Symbol 


HB56D25609A/B 


Unit 




Parameter 


-85A 


-10 A 


-12 A 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


15 


— 


20 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time from CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 





NOTES: 1 . AC measurements assume It = 5ns. 

2. Assumes that Ircd ^ Ircd (max.) and Irad ^ tRAD (max.). If Ircd or Irad is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD ^ tRCD (max.), tRAD ^ Irad (max.). 

5. Assumes that tRCD ^ tRCD (max.), tRAD ^ Irad (max.). 

6. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
vohage levels. 

7. ViH (mm.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Operation with the tRCD (max.) limit insures that tRAC (max.) can be met, Ircd (max.) is specified as a reference 
point only, if tRCD is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max.) limit insures that tRAC (max.) can be met, tRAD (max.) is specified as a reference 
point only, if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (twcs^twcs(min.)) 

1 1 . These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100/iS is requi red af ter power up f ollow ed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). 

13. tRASc defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP 

15. tREF defines is 512 refresh cycles. 
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HB56D25609A/B-85A/10A/12A 



I TIMING WAVEFORMS 
Read Cycle 



RAS 



CAS 



n: 



tASR^ 



Address 



^: 



Jrc 



Jras 



tRCD 



tcSH 



^ tRAH ^ . 



N- / 



tASC 



tRAD 



Row 



:*^: 



tRSH 



tCAS 



,^_^tcAH 



tpAL 



;'f~^\ 



Column 



tAR 



vvE y///////////// 



.^tRCS^ 



Dout 



Din 



tRP 



tCRP 



X 




tCAC 



tAA 



tRAC 



'A 



tRCH 



^RRH 



V//////////A 



tOFF 

-* — ^ 



Valid ^v 
Output ^ ^ 



High-Z 



Y///X : Don't care 
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HB56D25609A/B-85A/10A/12A 
• Early Write Cycle 



RAS 



CAS 



N 



^ASR^ 



Address 



'^^: 



tRC 



Jras 



tRCD 



tcSH 



^ ^RAH ^ 1 



tASC 



N< / 



tRAD 



WE "^ 



twCR 



tRSH 



tCAS 



;^~^\ 



tRP ^ 



tCAH 
tRAL 



tCRP ^ 



X 



^r-y^^^^;^ ^////////////////7/, 



twcs^ 



y///////////////h : 



tDHR 



tos 



Dout 



Din 



twCH 

-* — >• 



twp 



M. 



y//////////////////. 



y/////////////^ ':mr^ ^//////////////////A 



High-Z 



y///X ' Dont care 
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RAS Only Refresh Cycle 



RAS 



n: 



CAS ^ 



Address 
Dout 



tCRPh*->- 



tASR 

— ► 



tRC 



tRAS 



y^~^\ 



^ tpp 



tRPC 



y ////////A 



Row 



tRAH 



\ ^///////////////////////////////^'. 



z 



High-Z 



1 WE : Doni care 

2 Y////\ • ^^^^ ^^''® 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 




1 Address, Din: Dont care 

2 Dout: High-Z 

3 \////X : Dont care 
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HB56D25609A/B-85A/10A/12A 
• Fast Page Mode Read Cycle 



RAS 



CAS 



tASR, 



tRASC 



tcSH 



tRCD 



tf 



m^ 



tASC 



tRCS, 



JCAS^ 



>^'''~^^^^^^\ 



tCAH 



WE 

Dout 
Din 



y////////m 



J tRCH 



tcp 

■< — > 



tASC^ 



Address / ^ Row t <^ , Column I^ K^^ 'column 2)^^ 



tCAC^ 



tAA 



tRAC 



tpc 



JCAS^ 



tCAH 

^ ^ 



tRHCP 



Use, 



I tRCH 

tRCS 




JCAC^ 



tAA 



tACP 



tPFF 



tRSH, 



K — K 

tRP 



tCAS 



tRAL 
tCAH 



/' 



tCRP 




W 



I tRCS 



tCAC^ 
< ^AA ^ 



tACP 



tPFF 



2^ Vld ^^^ i^ ViSd ^v l^ ^ Valid ^, ^. 

^ ^ Output 1 / - ^ v Output2 ^ l S ^ Output N ^ f 



,tRRH 



^ 



tOFF 



High-Z 



Y///X • Do"*^ care 
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HB56D25609A/B-85A/10A/12A 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



tASR 



tRASC 



tcSH 



^ tRCD 



< ^^^ > \ 



>^iH 



tASC 



twcs 



WE y////////y>r 



JCAS^ 



tCAH 
"< ► 



tcp 

-< — > > 



tos 



tASC, 



Address ^[ Row "^^^^^^Column 1^^^^^ ^Column 2^^^^^ ^Column N^>^^^^^ 



twcs 



twCH 
■< > 



twp> 



tOH 

■< ► 



;^: 



tpc 



tCAH 



JCAS^ 



tps. 



DO. •^^m^rm<'^>^iMj^^ 



tASC, 



twcs , 



twCH 



twp. 



tOH 



:^: 



^^SH^ 



tCAS 



^ ^ tRp 



/ 



tCRP 



tCAH 

"< — ► 



toa. 



twCH 

twp^ ^ 



tOH 



: .^^^^^^ 



Din 



High-Z 



y///)^ : Don't care 
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HB56D25636B-85/10/12 

262,144-Word x 36-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56D25636B is a 256K x 36 dynamic RAM module, 
mounted 8 pieces of 1Mbit DRAM (HM514256JP) sealed in SOJ 
package and 4 pieces of 256Kblt DRAM (HM51256CP) sealed in 
PLCC package. An outline of the HB56D25636B is 72-pin single in- 
line package. Therefore, the HB56D25636B makes high density 
mounting possible without surface mount technology. The 
HB56D25636B provides common data inputs and outputs. Decoup- 
ling capacitors are mounted beneath each SOJ and PLCC. 

■ FEATURES 

• 72-Pin Single In-Line Package 

Lead Pitch 1.27mm 

• Single 5V (± 5%) Supply 

• High Speed 

Access Time 85/100/120ns (max.) 

• Low Power Dissipation 

Active Mode 4.24/3.57/3.02mW (max.) 

Standby Mode 126mW (max.) 

• Fast Page Mode Capability 

• 512 Refresh Cycle 8ms 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HB56D25636B-85 
HB56D25636B-10 
HB56D25636B-12 


85ns 
100ns 
120ns 


72 pin SIP 
Socket Type 



■ PIN OUT 




















o 











OD 

^1 pin 


QD^DD 


DO 




36 pin >^ ^ 37 pin 


72 pin / 





Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


Vss 


37 


DQ17 


2 


DQo 


38 


DQ35 


3 


DQi8 


39 


Vss 


4 


DQ, 


40 


CASO 


5 


DQl9 


41 


CAS2 


6 


DQ2 


42 


CAS3 


7 


DQ20 


43 


CASl 


8 


DQ3 


44 


RASO 


9 


DQ2, 


45 


NC 


10 


Vcc 


46 


NC 


11 


NC 


47 


WE 


12 


Ao 


48 


NC 


13 


A, 


49 


DQ9 


14 


A2 


50 


DQ27 


15 


A3 


51 


DQio 


16 


A4 


52 


DQ28 


17 


A5 


53 


DQn 


18 


A6 


54 


DQ29 


19 


NC 


55 


DQ12 


20 


DQ4 


56 


DQ30 


21 


DQ22 


57 


DQ.3 


22 


DQ5 


58 


DQ31 


23 


DQ23 


59 


Vcc 


24 


DQ6 


60 


DQ32 


25 


DQ24 


61 


DQl4 


26 


DQ7 


62 


DQ33 


27 


DQ25 


63 


DQI5 


28 


A7 


64 


DQ34 


29 


NC 


65 


DQ16 


30 


Vcc 


66 


NC 


31 


Ag 


67 


PD, 


32 


NC 


68 


PD2 


33 


NC 


69 


PD3 


34 


RAS2 


70 


PD4 


35 


DQ26 


71 


NC 


36 


DQg 


72 


Vss 
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HB56D25636B-85/10/12 
■ BLOCK DIAGRAM 



RASO*- 
CASO«- 



DQO 
DQ1 
DQ2 
DQ3 



DQ4 
DOS 
DQ6 
DQ7 



DQ8 



DQ9 •- 
DQ10«- 
DQ11»- 
DQ12»- 



DQ13»- 
DQ14»- 
DQ15»- 
DQ16»~ 



DQ17»- 



1/01 CAS RAS 

1/02 

1/03 DO 

1/04 

OE 



^& 



n 



1/01 CAS FUVS 

1/02 

1/03 D2 

1/04 

OE 



CAS RAS 

Din/out MO 



1/01 CAS RAS 

1/02 

1/03 D4 

1/04 

OE 



1 



i/01 CAS RAS 

IA)2 

1/03 D6 

1/04 

OE 



CAS RAS 

Din/out Ml 



•D0~D7 :HM514256JP 
M0-M3:HM51256CP 



FfAS2 »- 
CAS2«- 

DQ18»- 
DQ19»- 
DQ20«- 
DQ21»- 



DQ22«- 
DQ23»- 
DQ24«- 
DQ25»- 



DQ26»- 
CAS3»- 



DQ27«- 
DQ28«- 
DQ29»- 



DQ30»- 



DQ31»- 
DQ32«- 
DQ33»-- 
DQ34«- 



DQ35»- 



A0~A8 « 
WE « 
Vcc « 

Vss « 



1/01 CAS RAS 

1/02 

1/03 D1 

1/04 

OE 



i/01 CAS RAS 

i/02 

1/03 D3 

1/04 

OE 



CAS RAS 
Din/out M2 



1/01 CAS RAS 

1/02 

1/03 D5 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 D7 

1/04 

OE 



CAS RAS 

Din/out M3 



-^D0-D7, M0-M3 
-^D0-D7,M0~M3 

-•-D0-D7,M0-M3 



"C0~C11 



— D0-D7. M0-M3 
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HB56D25636B-85/10/12 



PHYSICAL OUTLINE 




Note: The plating of the contact finger is gold. 



Detail A 



85 ns 



i B t in 



nnnnnnnnnnnfifinn 



Detail B 



100 ns 




(F^ 


f 25 max. 


2.54 min. 






0.100 






1.07 max. 






0.042 







120 ns 



J 



II 



nmk 
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HB56D25636B-85/10/12 
■ PIN DESCRIPTION 



Pin Name 


Function 


Ao - Ag 


Address Input 


Ao - Ag 


Refresh Address Input 


DQo - DQ35 


Data-In/Data-Out 


CASO, CASS 


Column Address Strobe 


RASO, RAS2 


Row Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power Supply (+5V) 


Vss 


Ground 


PDi ~ PD4 


Presence Detect Pin 


NC 


Non-Connection 



PRESENCE DETECT PIN ARRANGEMENT 



Pin No. 


Pin Name 


HB56D25636B 


85ns 


100ns 


120ns 


67 


PDi 


Vss 


Vss 


Vss 


68 


PD2 


NC 


NC 


NC 


69 


PD3 


NC 


Vss 


NC 


70 


PD4 


Vss 


Vss 


NC 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


ViN 


-1.0 to +7.0 


V 


Relative to Vss 


(Output) 


VOUT 


-1.0 to +7.0 


V 




Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 




Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


12 


W 


Operating Temperature 


^opr 


to +70 


°c 


Storage Temperature 


Tstg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T^ = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


5.5 


V 


1 


Input Lx)w Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



NOTE: 1. All voltage referenced to Vss- 
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■ DC ELECTRICAL CHARACTERISTICS (Ta = to +70°C, V 


cc = 5V±5%,Vss 


= 0V) 










Symbol 


Test Conditions 


HB56D25636B 


Unit 




Parameter 


-85 


-10 


-12 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Operating Current 


Icci 


tRc = Min. 


— 


808 


— 


680 


— 


576 


mA 


1,2 


Standby Current 


Icc2 


TIL Interface RAS, 
CAS = ViH, 
DouT = High-Z 


- 


24 


- 


24 


- 


24 


mA 




CMOS Interface RAS, 
CAS > Vcc -0.2V 
DouT = High-Z 


- 


12 


- 


12 


- 


12 


mA 




RAS-Only 
Refresh Current 


ICC3 


tRc ~ Mii^- 


- 


808 


- 


680 


- 


576 


mA 


2 


Standby Current 


ICC5 


RAS = ViH, 
CAS = ViL, 
Dqut — Enable 


- 


64 


- 


64 


- 


64 


mA 


1 


CAS-Before-RAS 
Refresh Current 


ICC6 


tRc = Min. 


- 


768 


- 


660 


- 


556 


mA 




Page Mode Current 


ICC7 


tpc = Min. 


- 


764 


- 


680 


- 


576 


mA 


1,3 


Input Leakage Current 


Ili 


OV < ViN < 7V 


-10 


10 


-10 


10 


-10 


10 


fiA 




Output Leakage 
Current 


Ilo 


OV < VouT ^ 7V, 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


liA 




Output High Voltage 


VoH 


High louT = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low Iqut ~ 4.2mA 





0.4 





0.4 





0.4 


V 





NOTES: 1. Ice depends on output load condition when the device is selected, Ice max. is specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vil- 

3. Address can be changed once or less while CAS = Vm- 



I CAPACITANCE (T^ = 25 °C, V 



cc 



:5V ± 5%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Cii 


— 


88 


pF 


1 


Input Capacitance (WE) 


C12 


— 


104 


pF 


1 


Input Capacitance (RAS) 


Cl3 


— 


57 


pF 


1 


Input Capacitance (CAS) 


Ci4 


— 


36 


pF 


1 


Output Capacitance 

(DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-DQ34) 


Q/01 


- 


17 


pF 


1,2 


Output Capacitance 
(DQg, DQ17, DQ26, DQ35) 


Ci/02 


- 


22 


pF 


1,2 



NOTES: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 
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I AC CHARACTERISTICS (T^ = to 70°C, Vcc = 5V d= 5%, Vss = OV) (D, (12) 
Read, Write and Refresh Cycle (Common Parameters) 



Parameter 


Symbol 


HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


80 


— 


90 




ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


^RAH 


12 


— 


15 


— 


15 


- 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


- 


ns 




Column Address Hold Time to RAS 


tAR 


60 


— 


75 


— 


90 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


45 


20 


55 


20 


65 


ns 


9 


RAS Hold Tim.e 


tRSK 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


85 


— 


100 


— 


120 


- 


ns 




CAS to RAS Precharge Time 


tcRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


ns 


15 


• Read Cycle 


Parameter 


Symbol 


HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time from RAS 


tRAC 


— 


85 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 










— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-Off Time 


toFF 





20 





25 





30 


ns 


6 


• Refresh Cycle 


Parameter 


Symbol 


HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


- 


15 


- 


15 


- 


ns 
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• Write Cycle 



Parameter 


Symbol 


HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


20 


— 


25 


— 


30 


— 


ns 




Write Command Hold Time to RAS 


twcR 


65 


— 


80 


— 


95 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tOH 


20 


— 


20 


— 


25 


— 


ns 


11 


Data-in Hold Time to RAS 


bHR 


60 


— 


75 


— 


90 


— 


ns 




• Fast Page Mode Cycle 


Parameter 


Symbol 


HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


- Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


15 


— 


20 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


lOOOOO 


100 


100000 


120 


100000 


ns 


13 


Access Time from CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


- 


50 


- 


60 


- 


ns 





NOTES: 



1. AC measurements assume tj = 5ns. 

2. Assumes that tRco ^ Ircd (max.) and Irad ^ tRAD (max.). If Ircd or Irad is greater than the maximum 
recommended value shown in this table, Irac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD ^ Ircd (max.), tRAD < Irad (max.). 

5. Assumes that tRCD ^ tRCD (max.), tRAD ^ Irad (max.). 

6. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Operation with the tRCD (max.) limit insures that Irac (max.) can be met, tRCD (max.) is specified as a reference 
point only, if tRCD is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max.) limit insures that tRAC (max.) can be met, tRAD (max.) is specified as a reference 
point only, if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (twcs ^ twcs (min.)). 

1 1 . These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100/ts is required after power up followed by a minimum of eight initialization cycles (any 
combmation of cycles containing RAS clock such as RAS-only refresh). 

13. tRASC defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF defines is 512 refresh cycles. 
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■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



n: 



USR^ 



Address 



^: 



Jrc 



Jras 



tRCD 



tcSH 



N. 



tRAH, 



tASC 



tRAP 






^ tRSH 



JcAS 



^.tCAH 



,/ 



tpAL 



;'r~^\ 



Column 



tAR 



551 ^////////////// 



Dout 



Din 



^RP 
-< — ^^ — ^ 



tCRP 



X 




tCAC 



tAA 



tRAC 



tRCH 



tRRH 



Y///////////. 



tOFF 



Valid 
Output 



> 



Hlgh-Z 



Y////X : Don't care 
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Early Write Cycle 



RAS 



CAS 



n: 



tASR^ 



Address 



WE 



Jrc 



tRAS 



tRCD 



tcSH 



.^iRAH^ 



tASC 



^. 



tRAD 



^ tWCR 



^ tRSH" 



tCAS 



/ 



tfiP 



tCRP ^ 



tCAH 



tRAL 



Column 



^wcs^ 



y///////////////h : 



tDHR 



tos 



Y///////////////7/77y 



z 



twCH 

-^ >- 



t»u. '///////////////)^ T^r ^///////////////////, 



Jdki 



Din 



High-Z 



y///X ' Dont care 
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RAS Only Refresh Cycle 



RAS 



CAS 



n: 



tCRP 



W 



tASR 

— >► 



tRC 



tRAS 



H~^\ 



tRP ^ 



tRPC 



V///////// 



z 



tRAH 



Actress y7?^':^.' ^^Z^77///////////////////////////. 



z 



Dout 



High-Z 



1 WE : Don't care 

2 Y////\ : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 
CAS 




1 Address, Din: Don't care 

2 Dout: High-Z 

3 \////\ : Doni care 
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• Fast Page Mode Read Cycle 



RAS 



CAS 



tASR, 



tRASC 



tcSH 



tRCD 



tRAD 



m^ 



tASC 



tRCS, 



,tcAS^ 






tCAH 

"< >- 



m w//////m 



Dout 
Din 



J_ tRCH 



^ASO. 



Address / X ^Q^ ^] p<^ , Column 1^ K^X >lumn 2 J K^ 



tcAC^ 



tAA 



tRAC 



tpc 



JtcAS^ 



tCAH 

-< ^ 



I 



tRHCP 



Use, 



] RCH 
tRCS 




. tCAC . 



tACP 



tAA ^ 



tOFF 



^JRSH^ 



K — K 

tRP 



tCAS 



/' 



tCRP 




'A 



I tRCS 



,JCAC^ 



^ tAA 



tACP 



tpFF 



< Valid ^t 7^ Vaiid ^s l^ VaiicT ^c 
Output 1 > ? S ^ Output 2 ^ S| ^ Output N j ^ 



tRRH 



Wl 



. tpFF^ 



High-Z 



y///X • Dont care 
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Fast Page Mode Early Write Cycle 



RAS 



CAS 



tASR 



tRASC 



tcSH 



tRCD 



tRAD 



•im. 



Use 



twcs 



WE V////////M 



JCAS^ 



tCAH 

■< >- 



tos , 



tASC^ 



Address ^ ^ Row ^ ^^^ ^ Column I^ ^^^^ ^Coiumn 2 ^ ^^^^ ^Colum^ 



twcs^ 



twCH 

< ► 



twp. 



tOH 



:^: 



tpc 



^ tcp 



JCAS^ 



tCAH 

-< >> 



tps^ 



Dou, 'MMzzKMym^><m:MyMM. 



Use, 



twes 



tweH 



twp> 



tOH 



\mhi 



, *RSH , 



K — K 



-3^ — *. 



/ 



teRP 



teAH 

-< — >- 



^DS, 



tweH 
twp, 



tOH 

"< — > 



:^^ 



Din 



High-Z 



Y////\ : Dont care 
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524,288-Word x 36-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56D51236B is a 512K x 36 dynamic RAM module, 
mounted 16 pieces of 1Mbit DRAM (HM514256JP) sealed in SOJ 
package and 8 pieces of 256Kbit DRAM (HM51256CP) sealed in 
PLCC package. An outline of the HB56D51236B is 72-pin single in- 
line package. Therefore, the HB56D51236B makes high density 
mounting possible without surface mount technology. The 
HB56D51236B provides common data inputs and outputs. Decoup- 
ling capacitors are mounted beneath each SOJ and PLCC but only 
on the one side of its module board. 

■ FEATURES 

• 72-Pin Single In-Line Package 

Lead Pitch 1.27mm 

• Single 5V (± 5%) Supply 

• High Speed 

Access Time 85/100/120ns (max.) 

• Low Power Dissipation 

Active Mode 4.58/3.91 /3.36W (max.) 

Standby Mode 252mW (max.) 

• Fast Page Mode Capability 

• 512 Refresh Cycle 8ms 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HB56D51236B-85 
HB56D51236B-10 
HB56D51236B-12 


85ns 
100ns 
120ns 


72 pin SIP 
Socket Type 



■ PIN OUT 




















o 

s 




O 






IDO 

^1 pin 


00 ^00 


DD 




36 pin >^ ^ 37 pin 


72 pin / 





Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


Vss 


37 


DQ17 


2 


DQo 


38 


DQ35 


3 


DQi8 


39 


Vss 


4 


DQ, 


40 


CASO 


5 


DQ,9 


41 


CAS2 


6 


DQ2 


42 


CAS3 


7 


DQ20 


43 


CASl 


8 


DQ3 


44 


RASO 


9 


DQ21 


45 


RASl 


10 


Vcc 


46 


NC 


11 


NC 


47 


WE 


12 


Ao 


48 


NC 


13 


A, 


49 


DQ9 


14 


A2 


50 


DQ27 


15 


A3 


51 


DQio 


16 


A4 


52 


DQ28 


17 


A5 


53 


DQi, 


18 


A6 


54 


DQ29 


19 


NC 


55 


DQ12 


20 


DQ4 


56 


DQ30 


21 


DQ22 


57 


DQ,3 


22 


DQ5 


58 


DQ31 


23 


DQ23 


59 


Vcc 


24 


DQ6 


60 


DQ32 


25 


DQ24 


61 


DQl4 


26 


DQ7 


62 


DQ33 


27 


DQ25 


63 


DQ15 


28 


A7 


64 


DQ34 


29 


NC 


65 


DQ16 


30 


Vcc 


66 


NC 


31 


Ag 


67 


PDi 


32 


NC 


68 


PD2 


33 


RAS3 


69 


PD3 


34 


RAS2 


70 


PD4 


35 


DQ26 


71 


NC 


36 


DQg 


72 


Vss 
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■ PIN DESCRrPTION 


Pin Name 


Function 


Ao-Ag 


Address Input 


Ao -- Ag 


Refresh Address Input 


DQo - DQ35 


Data-In/Data-Out 


CASO ^ CASS 


Column Address Strobe 


RASO ~ RAS3 


Row Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power Supply (+5V) 


Vss 


Ground 


PDi '- PD4 


Presence Detect Pin 


NC 


Non-Connection 



PRESENCE DETECT PIN ARRENGE 



Pin No. 


Pin Name 


HB56D51236B 


85ns 


100ns 


120ns 


67 


PDi 


NC 


NC 


NC 


68 


PD2 


Vss 


Vss 


Vss 


69 


PD3 


NC 


Vss 


NC 


70 


PD4 


Vss 


Vss 


NC 



I ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


ViN 


-1.0 to +7.0 


V 


Relative to Vss 


(Output) 


VoUT 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


12 


W 


Operating Temperature 


Topr 


to +70 


°c 


Storage Temperature 


Tstg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



NOTE: 1 . All voltage referenced to Vss- 
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BLOCK DIAGRAM 



•D0~D15 :HM514256JP 
M0~M7 : HM51256CP 



RASO«- 
CASO«- 



DQO •- 

DQ1 •- 

DQ2 ♦- 

DQ3 •- 



DQ4 •- 
DQ5 ♦" 
DQ6 •- 
DQ7 •- 



DQ8 •- 
CAST«- 



DQ9 •- 
DQ10»- 
DQ11»- 
DQ12»- 



DQ13»- 
DQ14«- 
DQ15»- 
DQ16«- 



DQ17*- 



RAS2 »- 
CAS2«- 



DQ18»- 
DQ19«- 
DQ20»- 
DQ21»- 



DQ22»- 
DQ23»- 
DQ24»- 
DQ25»- 



DQ26«~ 
CAS3»- 



DQ27»- 
DQ28»- 



DQ29*- 
DQ30< 



DQ31»- 
DQ32»- 
DQ33»- 
DQ34»- 



DQ35»- 



AO-AB •- 
WE •- 
Vcc ♦- 



1/01 CAS RAS 

1/02 

1/03 DO 

1/04 

OE 



^& 



1/01 CAS RAS 

1/02 

1/03 D3 

1^ 

OE 



CAS RAS 
Din/out MO 



^^ 



1/01 CAS RAS 

1/02 

1/03 D4 

1/04 

OE 



^" 



1/01 CAS RAS 

i/02 

1/03 D7 

1/04 

OE 



CAS RAS 
Din/out M2 



1/01 CAS RAS 

1/02 

i/03 D8 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 D11 

1/04 

OE 



CAS RAS 
Din/out M4 



^ 



1/01 CAS RAS 

1/02 

1/03 D12 

OE 



1/01 CAS RAS 

i/02 

i/03 D15 

i/04 

OE 



CAS RAS 
Din/out M6 



^" 



1/01 RAS CAS 

i/02 

i/03 D1 

i/04 

OE 



1/01 RAS CAS 

i/02 

i/03 D2 

\m 

OE 



RAS CAS 
Din/out Ml 



1/01 RAS CAS 

1/02 

i/03 D5 

i/04 

OE 



1/01 RAS CAS 

i/02 

i/03 D6 

1/04 

OE 



RAS CAS 
Din/out M3 



^" 



i/01 RAS CAS 

i/02 

1/03 D9 

1/04 

OE 



^& 



i/01 RAS CAS 

1/02 

i/03 D10 

i/04 

OE 



RAS CAS 
Din/out M5 



i/01 RAS CAS 

i/02 

1/03 D13 

i/04 

OE 



i/01 RAS CAS 

i/02 

i/03 D14 

OE 



RAS CAS 
Din/out M7 



-^D0-D15. M0-'M7 
-^D0~D15, M0-M7 
►D0~D15,M0-M7 



C0-C11 



-•RAS1 



-•RAS3 




Vss 



-^D0-D15,M0~M7 
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■ PHYSICAL OUTLINE 




L 


O 



imoonmiooniimmi 




Note: The plating of the contact finger is gold. 



TDiniODDDDDDlIIlDDDDDDD^^ 

n 





i ofi-oJL 



Detail A 



85 ns 



100 ns 



120 ns 



lyy 



^.y\4 



nnnnnnnonoi 



nmnnSiiinn 



Detail B 



(n\ 


i 0.25 max. 


2.54 min. 






0.100 






1.07 max. 






0.042 







1006 



HITACHI 

Hitachi Amenca, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HB56D51236B-85/10/12 



■ DC ELECTRICAL CHARACTERISTICS (T^ = to +70°C, V 


cc = 5V ± 5%,Vss 


= 0V) 










Symbol 


Test Conditions 


HB56D51236B 


Unit 




Parameter 


-85 


-10 


-12 


Note 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Operating Current 


Icci 


tRc = Min. 


— 


872 


— 


744 


— 


640 


mA 


1,2 


Standby Current 


ICC2 


TTL Interface RAS, 
CAS = ViH, 
DouT = High-Z 


- 


48 


- 


48 


- 


48 


mA 




CMOS Interface RAS, 
CAS > Vcc -0.2V 
Dqut = High-Z 


- 


24 


- 


24 


- 


24 


mA 




RAS-Only 
Refresh Current 


ICC3 


tRc ~ Min. 


- 


872 


- 


744 


- 


640 


mA 


2 


Standby Current 


ICC5 


RAS = ViH, 
CAS = ViL, 
Dqut = Enable 


- 


128 


- 


128 


- 


128 


mA 


1 


CAS-Before-RAS 
Refresh Current 


ICC6 


tRc — Mill- 


- 


832 


- 


724 


- 


620 


mA 




Page Mode Current 


IcC7 


tpc = Min. 


- 


828 


- 


744 


- 


640 


mA 


1,3 


Input Leakage Current 


Ili 


OV < ViN < 7V 


-10 


10 


-10 


10 


-10 


10 


/tA 




Output Leakage 
Current 


Ilo 


OV < VouT ^ 7V, 
Dqut = Disable 


-10 


10 


-10 


10 


-10 


10 


fiA 




Output High Voltage 


VoH 


High louT = -5 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Low Voltage 


Vol 


Low Iqut = 4.2mA 





0.4 





0.4 





0.4 


V 





NOTES: 1 . Ice depends on output load condition when the device is selected. Ice max. is specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vil. 

3. Address can be changed once or less while CAS = Vih- 

■ CAPACITANCE (Ta = 25 °C, Vcc = 5V ± 5%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Cii 


— 


161 


pF 


1 


Input Capacitance (WE) 


C12 


— 


193 


pF 


1 


Input Capacitance (RAS, CAS) 


Co 


— 


62 


pF 


1 


Output Capacitance 

(DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-DQ34) 


Ci/01 


- 


29 


pF 


1,2 


Output Capacitance 
(DQg, DQ17, DQ26, DQ35) 


Ci/02 


- 


39 


pF 


1,2 




NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = ViH to disable Dout- 
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I AC CHARACTERISTICS (Ta = to 70°C, Vcc = 5V ± 5%, Vss = OV) (D, (12) 
Read, Write and Refresh Cycle (Common Parameters) 



Parameter 


Symbol 


HB56D51236B-85 


HB56D51236B-10 


HB56D51236B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Random Read or Write Cycle Time 


tRC 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 




Column Address Hold Time to RAS 


tAR 


60 


— 


75 


— 


90 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


45 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Timx 


k:sH 


85 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


ns 


15 


• Read Cycle 


Parameter 


Symbol 


HB56D5 


1236B-85 


HB56D51236B-10 


HB56D51236B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time from RAS 


tRAC 


— 


85 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


Ua 


~ 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


^RCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


- 


ns 




Output Buffer Ibrn-Off Time 


tOFF 





20 





25 





30 


ns 


6 


• Write Cycle 


Parameter 


Symbol 


HB56D5 


1236B-85 


HB56D5 


1236B-10 


HB56D51236B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


20 


— 


25 


— 


30 


— 


ns 




Write Command Hold Time to RAS 


twCR 


65 


— 


80 


— 


95 


— 


ns 




Write Command Pulse Width 


%p 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


bH 


20 


— 


20 


— 


25 


— 


ns 


11 


Data-in Hold Time to RAS 


^DHR 


60 


— 


75 


- 


90 


- 


ns 
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Refresh Cycle 



Parameter 


Symbol 


HB56D51236B-85 


HB56D51236B-10 


HB56D51236B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


k:sR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


— 


15 


— 


15 


— 


ns 




• Fast Page Mode Cycle 


Parameter 


Symbol 


HB56D51236B-85 


HB56D51236B-10 


HB56D51236B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


15 


— 


20 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time from CAS Precharge 


^ACF 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 





NOTES: 



1. AC measurements assume tx = 5ns. 

2. Assumes that Ircd ^ tRCD (max.) and Irad ^ Irad (max.). If Ircd or Irad is greater than the maximum 
recommended value shown in this table, Irac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that Ircd ^ tRco (max.), tRAD ^ Irad (max.). 

5. Assumes that tRco ^ Ircd (max.), Irad ^ Irad (max.). 

6. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil- 

8. Operation with the tRCD (max.) limit insures that tRAC (max.) can be met, Ircd (max.) is specified as a reference 
point only, if tRco is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC 

9. Operation with the Irad (max.) limit insures that tRAC (max.) can be met, tRAD (max.) is specified as a reference 
point only, if tRAD is greater than the specified Irad (max.) limit, then access time is controlled exclusively by Iaa- 

10. Early write cycle only (twcs ^ twcs (min.)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100/*s is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). 

13. tRASC defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF defines is 512 refresh cycles. 
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■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



N. 



USR^ 



Address 



WE 



Dout 



^' 



Jrc 



Jras 



tRCD 



tcSH 



-^iBAil^ 



N. / 



tASC 



tRAD 



Row 



^*^: 



tRSH 



tCAS 



,^_^tcAH 



tRAL 



^ ^ ^RP ^ 



Column 



tAR 



v///////////// 



Jrcs^ 



Din 



tCRP 



X 




^ ^^AC ^ 



tAA 



tRAC 



'A 



tRCH 



Jrrh 



V//////////A 



tOFF 



Valid ^v 
Output 3 ^ 



High-Z 



\////\ : Don't care 
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Early Write Cycle 



RAS 



CAS 



n: 



USR^ 



Address 



WE 



tRC 



tRAS 



tRCP 



tcSH 



^ tRSH" 



-*iBAtUH 



tASC 



Nv 



tRAD 



twCR 



tCAS ^ 



/ 



:^r~^\ 



Irp 



tCRP 



tCAH 



tRAL 



^^%^^;^^^ ^//////////////97^^ 



twcs^ 



'////////////////>. : 



tOHR 



tDS 



twCH 



twp 



-H- 



' ///////////////////, 



0^ y//////////////;> a^ ^///////////////////. 



Din 



High-Z 



Y////X : Doni care 
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• RAS Only Refresh Cycle 



RAS 



n: 



tCRP 



^ W 



tASR 



tRC 



tRAS 



^ tRp ^ 



tRPC 




^ 



tRAH 



Address W?^':^.' ^Z7?^7^/////////////////^^7ZW. 



Dout 



High-Z 



1 WE : Dont care 

2 Y////\ ' ^^^^ ^^''® 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 




1 Address, Din: Dont care 

2 Dout: High-Z 

3 \////\ : Dont care 
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• Fast Page Mode Read Cycle 



RAS 



CAS 



N. 



tASR, 



tRASC 



tcSH 



tRCD 



tRAD 



^RAF^ 



tASC 



JtcAS^ 



>^'''~^^^''^\ 



tCAH 



tCP 



tASO. 



Address / ^ Row ^ p<^ . Column 1^ »^^ [column 2 > ^^ 



tpc 



.tcAS. 



tCAH 



tRHCP 



Usc^ 



, tpSH, 



K — K 

Jrp 



JCAS 



tRAL 
tCAH 



/' 



tCRP 



WE 

Dout 
Din 




tRAC 



l^ vSiiT^^ l' ^Valid ^c i' ^ Valid ^, ^c 

^ ^ Output 1 > ? ^ v Output 2 ^ ^ ^ c Output N 7 ^ 



High-Z 



y///X : Don't care 
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• Fast Page Mode Early Write Cycle 



RAS 



CAS 



tASR 



tRASC 



^ tcSH 



^ — ^ecD ^ 



tRAD 



iRAh^ 



tASC 



tyvcs 



WE '//////////>i 



J^AS^ 



tCAH 

< ► 



tos 



tASO. 



Address /^ ^ Row ^ ) (^^ ^0:i\\i^n\ ) /(^/^ 



twcs^ 



twCH 

■< ► 



twp. 



tOH 

-< ► 



;^: 



tpc 



J^^ 






tCAH 

-< ► 



tps^ 



Dou. '7ZMMKSD('^z^ym:^y^M^ 



tASC, 



twcs 



twCH 

•< >■ 



twp^ 



tDH 

< ► 



:^: 



*iBSH^ 



tCAS 



K — K 



tCRP 



tCAH 

-< ► 



tos^ 



twCH 



tDH 



'. ^m^m. 



Din 



High-Z 



y///X : Don't care 
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HB56A48A/AT/B-8/10/12 - 
8-Bit DRAM 

4,194,304-Word x 8-Bit High Density 
Dynamic RAIVI Module 

■ DESCRIPTION 

The HB56A48 is a 4M x 8 dynamic RAM module, mounted eight 
4Mbit DRAM (HM514100JP) sealed in SOJ package. An outline of the 
HB56A48 is 30-pin single in-line package having Lead types 
(HB56A48A, HB56A48AT), Socket type (HB56A48B). Therefore, the 
HB56A48 makes high density mounting possible without surface 
mount technology. The HB56A48 provides common data inputs and 
outputs. Its module board has decoupling capacitors beneath each 
SOJ. 

■ FEATURES 

• 30-pin single in-line package 

—Lead pitch 2.54mm 

• Single 5V(± 10%) supply 

• High Speed 

Access time 80ns/100ns/120ns (max.) 

• Low power dissipation 

—Active mode 3.96W/3.52W/3.08W (max.) 

—Standby mode 88mW (max.) 

• Fast page mode capability 

• 1,024 refresh cycle/1 6ms 

• 3 variations of refresh 
— RAS only refresh 
—CAS before RAS refresh 
—Hidden refresh 

• TTL compatible 

■ ORDERING INFORMATION 



PIN OUT 




Pin No 


Pin Name 


Pin No. 


Pin Name 


1 


Vcc 


16 


DQ4 


2 


CAS 


17 


Ag 


3 


DQo 


18 


A9 


4 


Ao 


19 


A,o 


5 


Ai 


20 


DQ5 


6 


DQ, 


21 


WE 


7 


A2 


22 


Vss 


8 


A3 


23 


DQ6 


9 


Vss 


24 


NC 


10 


DQ2 


25 


DQ7 


11 


A4 


26 


NC 


12 


A5 


27 


RAS 


13 


DQ3 


28 


NC 


14 


A6 


29 


NC 


15 


A7 


30 


Vcc 





Package 


Access Time 


30-pin SIP 
Lead Type 


30-pin SIP Low Profile 
Lead Type 


30-pin SIP 
Socket Type 


80ns 


HB56A48A-8 


HB56A48AT-8 


HB56A48B-8 


100ns 


HB56A48A-10 


HB56A48AT-10 


HB56A48B-10 


120ns 


HB56A48A-12 


HB56A48AT-12 


HB56A48B-12 



PIN DESCRIPTION 



Pin Name 


Function 


Ao~Aio 


Address Input 


Ao-Ag 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQo -'007 


Data-in/Data-out 


Vcc 


Power Supply (-h 5 V) 


Vss 


Ground 


NC 


Non-connection 
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BLOCK DIAGRAM 



AO~i^ 

A1-i5L 

A2JZL 

A3 

A4 



(8) 



illL 



A5-il2L 
A6il^ 



A7il5L 



AsilZL 



AQ-iHL 

Aioil^L 



RAS 
CAS 



WE 



(27) 



(2) 



(21) 



VccJlL 



M4 



M3 



M2 



M1 
A0-A10 Dm 

RAS Dout 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Dm 
Dout 



(13) 



(10) 



(6) 



(3) 



DQ3 



DQ2 



DQ1 



DQO 



M8 



M7 



M6 



M5 
A0-A10 

RAS 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Dm 
Dout 



Dm 
Dout 



(25) 



(23) 



(20) 



(16) 



DQ7 



DQ6 



DQ5 



DQ4 



VccJl) 

1 ► Ml ~ 8 Vcc 

Vcc y^^f 1 

(9) == C = 0.22mFx8 

foo\ ' ^ Ml - 8 Vss 
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- HB56A48A Series 



■ PHYSICAL OUTLINE 
• HB56A48A Series 




• HB56A48AT Series 




• HB56A48B Series 




Note: The plating of the contact 
finger is solder coat. 



.^^ 



Q i.eo 
0.0 



JUS.' 

0.070 



Detail A 
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HB56A48A Series - 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on any Pin 
Relative to Vss 


Vt 


-10 to +7.0 


V 


Supply Voltage 
Relative to Vss 


Vcc 


-1.0 to +70 


V 


Short Circuit Output Current 


*out 


50 


mA 


Power Dissipation 


Pt 


8 


W 


Operating Temperature 


^opr 


Oto +70 


°C 


Storage Temperature 


Tstg 


-55 to + 125 


°C 



I ELECTRICAL CHARACTERISTICS 

Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Mm 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


55 


V 


1 


Input High Vbiiage 


VlH 


2.4 


- 


5.5 


V 


i 


Input IjOw Voltage 


V,L 


-1.0 


- 


0.8 


V 


1 



1 Ail voltage referenced to Vss 



• DC Electrical Characteristics (Ta = to +70°C, Vcc = 5V ± 10%, Vss = OV) 



Parameter 


Symbol 


HB56A48A/AT/B-8 


HB56A48A/AT/B-I0 


HB56A48A/AT/B-12 


Unit 


Test Condition 


Note 


Min 


Max 


Mm 


Max 


Min 


Max 


Operating Current 


Ice I 


- 


720 


- 


640 


- 


560 


mA 


tRc - nun 


1,2 


Standby Current 


Icc2 


- 


16 


- 


16 


- 


16 


mA 


TTL Interface 
RAS, CAS = V,H 
Do„, = High-Z 




- 


8 


- 


8 


- 


8 


mA 


CMOS Interface RAS, 
CAS > Vcc - 0-2V 
Dou, = High-Z 




RAS Only Refresh Current 


Icc3 


- 


720 


- 


640 


- 


560 


mA 


tRc = ni»" 


2 


Standby Current 


ICC5 


- 


40 


- 


40 


- 


40 


mA 


RAS = V,H 
CAS = V,L 
Dout = Enable 


1 


CAS Before RAS Refresh Current 


ICC6 


- 


720 


- 


640 


- 


560 


mA 


tRc = "I'n 




Page Mode Current 


ICC7 


- 


720 


- 


640 


- 


560 


mA 


tpc = mm 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


fiA 


OV < V,N < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


fiA 


OV < VouT ^ 7V 
Dout = Disable 




Output High Voltage 


Vqh 


24 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High lout = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low lou, = 4.2mA 





1 Ice depends on output load condition when the device is selected. Ice niax is specified at the output open condition 

2 Address can be changed less than three times while RAS = Vil 

3 Address can be changed once or less CAS = Vih 
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- HB56A48A Series 



• Capacitance (Ta = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


- 


65 


pF 


1 


Input Capacitance (Clock) 


C,2 


- 


81 


pF 


1 


Input/Output Capacitance (DQ0-DQ7) 


Ci/o 


- 


30 


pF 


1,2 



NOTE: I Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = ViH to disable Dqut 



' AC Characteristics (Ta = to 70°C, Vcc = 5V ± 10%, Vss = 
• Read, Write and Refresh Cycle (Common Parameters) 



OV) 1. >2, 15 



Parameter 


Symbol 


HB56A48A/AT/B-8 


HB56A48A/AT/B-10 


HB56A48A/AT/B-12 


Unit 


Note 


Mm 


Max. 


Mm 


Max. 


Mm 


Max 


Random Read or Write Cycle Time 


tRC 


160 


- 


190 


- 


220 


- 


ns 




RAS Precharge Time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-up Time 


USR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


tCAH 


15 


- 


20 


- 


25 


- 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


^RSH 


25 


- 


25 


- 


30 


- 


ns 




CAS Hold Time 


tcSH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




Transition Time (Rise and Fall) 


tx 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


16 




16 


- 


16 


ns 


17 



• Read Cycle 



Parameter 


Symbol 


HB56A48A/AT/B-8 


HB56A48A/AT/B-10 


HB56A48A/AT/B-12 


Unit 


Note 


Min. 


Max. 


Mm. 


Max 


Mm. 


Max. 


Access Time From RAS 


tRAC 




80 


- 


100 


- 


120 


ns 


2, 3, 16 


Access Time From CAS 


tCAC 


- 


25 


- 


25 


- 


30 


ns 


3, 4, 14 


Access Time From Address 


tAA 


- 


40 


- 


45 


- 


55 


ns 


3, 5, 14, 16 


Read Command Set-up Time 


tRCS 





- 





- 





_ 


ns 




Read Command Hold Time to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer Turn-off Time 


.tOFF 





20 





25 





30 


ns 


6 
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• Write Cycle 



Parameter 


Symbol 


HB56A48A/AT/B-8 


HB56A48A/AT/B-10 


HB56A48A/AT/B-12 


Unit 


Note 


Min. 


Max 


Min. 


Max. 


Mm. 


Max. 


Write Command Set-up Time 


twcs 





— 





- 





— 


ns 


10 


Write Command Hold Time 


twcH 


15 


- 


20 


- 


25 


- 


ns 




Write Command Pulse Width 


twp 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


- 


25 


- 


30 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


- 


25 


- 


30 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 


ns 


11 


Data-in Hold Time 


^DH 


15 


- 


20 


- 


25 


- 


ns 


11 



• Refresh Cycle 




















Parameter 


Symbol 


HB56A48A/AT/B-8 


HB56A48A/AT/B-10 


HB56A48A/AT/B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Mm. 


Max. 


CAS Set-up Time 

(CAS Before RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


^CHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


ns 





• Fast Page Mode Cycle 



Parameter 


Symbol 


HB56A48A/AT/B-8 


HB56A48A/AT/B-10 


HB56A48A/AT/B-12 


Unit 


Note 


Mm. 


Max. 


Mm. 


Max 


Mm. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


- 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


- 


10 


- 


15 


- 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time From CAS Precharge 


Ucp 


— 


50 


- 


50 


- 


60 


ns 


14, 16 


RAS Hold Time From CAS Precharge 


tRHCP 


50 


- 


50 


- 


60 


- 


ns 





• Test Mode Cycle 




















Parameter 


Symbol 


HB56A48A/AT/B-8 


HB56A48A/AT/B-10 


HB56A48A/AT/B-12 


Unit 


Note 


Mm. 


Max. 


Min. 


Max. 


Mm. 


Max. 


Test Mode WE Set-up Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


tWH 


20 


- 


20 


- 


20 


- 


ns 





NOTES: 

1 AC measurements assume tr = 5ns 

2 Assumes that tRCD ^ Ircd (max) and Irad ^ Irad (max) If tRCD or tRAD '*> 
greater than the maximum recommended value shown m this table, tRAC exceeds 
the value shown 

3 Measured with a load circuit equivalent to 2TTL loads and lOOpF 

4 Assumes that Ircd ^ tRCD (max), IraD ^ Irad (max) 

5 Assumes that Ircd ^ tRCD (max). tRAD ^ Irad (max) 

6 toFF (max) defines the time at which the output achieves the open circuit condition 
and IS not referenced to output voltage levels 

7 ViH (min) and Vil (max) are reference levels for measuring timing of input signals 
Also, transition times are measured between Vm and Vil 

8 Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD 
(max) IS specified as a reference point only, if tRCD 's greater than the specified 
tRCD (max) limit, then access time is controlled exclusively by tcAC 

9 Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD 
(max) is specified as a reference point only, if tRAD 's greater than the specified 
tRAD (max) limit, then access time is controlled exclusively by tAA 

10 Early write cycle only (twcs ^ twcs (mm)) 



1 1 These parameters are referenced to CAS leading edge in an early write cycle 

12 An initial pause of lOO/ts is required after power up follow ed by a minimum of eight 
initia lization cycles (any combination of cycles containing RAS clock such as 
RAS-only refresh) 

13 tRASC defines RAS pulse width in fast page mode cycles 

14 Access time is determined by the longer of Iaa or tCAC or Iacp 

15 Test mode operation specified in this data sheet is 8-bit test function controlled by 
control addre ss bit s— RA 10, CA 10 and C AO This test mode operation can be 
performed by WE and CAS before RAS (WCBR) refresh cycle Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh 
cycles When the state of eight test bits accord each other, the condition of the 
output data is high level When the state of test bits do not accord, the condition of 
the output data is low level Data output pin is P out a nd data input pin is Din In 
order t o end this test mode operation, perform a RAS only refresh cycle or a CAS 
before RAS refresh cycle 

16 In a test mode read cycle, the value of tRAC tAA and tACP >s delayed for 2ns to 5ns 
for the specified value These parameters should be specified in test mode cycles by 
adding the above value to the specified value m this data sheet 

17 tREF defines is 1,024 refresh cycles 
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- HB56A48A Series 



I TIMING WAVEFORM 
Read Cycle 

RAS 



CAS 



Address 



Dout 
Din 



n: 



tASR^ 



^: 



tpAS 



tcSH 



N, 



■ ^RAH , 



tASC 



tRAD 



:^^K 



tRSH 



tCAS 



tCAH 

J 
^RAL 



/ 



WE y///////////// 



jtRC^f" 



:'f~^\ 



tRP 



\_ 



W/////////////^ ^ 



tCAC ^ 



tAA 



tRAC 



High-Z 



tRCH 



.tRRH 



Z 



W////////, 



Valid 
Output 



> 



^-•.< 



Early Write Cycle 
RAS 

CAS 



WE 

Dout 
Din 



n: 



USR, 



tRC 



tRAS 



^RCD 



tcSH 



■ ^RAH- 



tASC 



N. / 



tRAD 



Address S^ZZ^ZZ^T^^^^ 



tRSH 



^ tcAS 



"A ^\ 



twcs. 



v//////////////h : 



tCAH 
tRAL 



tRP 



tCRP 



"X 




\ X////////////////7Z'y 



twCH 



^^^^^te>^^^^^^ 



'"^ ///////////////////. 



HiQh-Z 



^ o»- 
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HB56A48A Series - 



• RAS Only Refresh Cycle 



RAS 



CAS 



n: 



tCRPp*^ 



tRC 



tRAS 



yr~^\ 



tRP 



tRpc 



^ 



tRAH 



Address ^^^^><p^> ^?^^^?%^//^//^//^^^ 

High-Z 

Dout 

1 WE Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



tRPC 



^ 



tcSR ^ 



tRC 



N. 



,^CHR, 



.'^ 



"^. 



.tRPC^ 



>^77Z^7^. 



1 Address, Dm Don't care 

2 Dout.High-Z 
3^^ Don'' care 
4 WE-VIH 



• Hidden Refresh Cycle 



RAS 



CAS 



^. 



tRAH 



tRC 



^ tRAS ^ 1 1 ^ tRP . tRAS ^ 

^ (Read) ^ p ^ ^ (Refresh) '^ 



tRSH . 
tRCD 



\. 



Ws. 



WE ;;y/////^ 



tASC 




Address ^?>^^^^^^ ^ 



tRAC ^ 



Dout 



_^tcAC 
tAA 



.♦-^RH 



"fe^^ 



Dout 



tOFF 



^^ 
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- HB56A48A Series 



• Fast Page Mode Read Cycle 



RAS 



CAS 



tRASC 



tcSH 



tRCD 



JRAH^ 



tASC , 



tRCS_. 



.tCAS. 



WE y///y//////A 



Dout 
Din 



I J tRCH 



tASC. 



Address / X "°" K ^ . ^'"""^ . ^V^ >'"""^! k>^ 



tcAC_ 



tAA 



tRAC 



tpc 



tcp 



.k;AS^ 



Use,, 



1 IRCH 

tRCS 






< 



Valid 
Output 1 



■ ^RSH. 



>' 



^ tcAS 



tRAL 



tCAH 




J tRCS 



tRP 



/ 



N 

tCRP 



tAA 



tACP 



tpFF 



Valid 
Output 2 



tRRH 



^ 



>y f Valid "i r 

S g Output N ^ f 



^^ 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



tRASC 



tcSH 



tRCD 



tRAD 



iRAh^ 



Address / X "°" Y Z^ 

twcs 



tASC 



Din 



y/////////^ 



^p§ » 



tASO. 



>^^: 



twCH 



twp. 



:^: 



tpc 



>.^''' "^^_J'^~"\ 



-^AS, 



tps,^ 



Dou, ^^^x:^3^cs>^<s>^^ 



tASC_. 



twos 



twCH 



twp. 



Jdh 



:^: 



■^»SH. 



tRP 






tCRP 



tCAH 



tqs. 



i m^TTT^ 



twCH 



-H. 



imm^^ 



^zm 
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HB56A48A Series - 



• Test Mode Cycle 



RAS 



CAS 



WE 




1 CBR or RA S only refresh 

2 X///A : Don't care 

3 Address, Din: Don't care 



• Test Mode Set Cycle 



RAS 



CAS 



WE 



tRAS 



\. / 



\ 



< ^^SR ^ 



tws 



tpc 



tRAS 



^.tcHR^ 



tRP 



tWH 



1 



tCRP 



/ 



z 



Address 



Z 



Dout 



1 \///A :Don'tc 
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- HB56A48A Series 



I TEST MODE RESET CYCLE 
CAS Before RAS Refresh Cycle 



RAS 



GAS 



WE 



7 



tRPC 



/--Sj^v^j^-V 



tws 



tcSR 



V 



tpc 



tCHR, 



tRAS ^ 



tpp 



tRPC tcSR 



tWH tws 



tRC 



< ^»AS > 



tRP 



tcHR 



/ 



-M 



tWH 



Address 



Z 



Dout 



X///X ■ Don't care 



• RAS Only Refresh Cycle 



RAS 



CAS 



Address 



tCRP 



^. I K 



tRAS 



tRC 



tRP 



tRPC 



tRAH 



tASR 




Dout 



^ rXXX/l . Don't care 

2 Refresh Address A0-A9 
(AX0-AX9) 
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HB56A49A/AT/B-8/10/12 
9-Bit DRAM 



4,194,304-Word x 9 Bit High Density 
Dynamic RAM Module 

■ DESCRIPTION 

The HB56A49 is a 4M x 9 dynamic RAM module, mounted nine 4Mbit 
DRAM (HM514100JP) sealed m SOJ package. An outline of the 
HB56A49 is 30-pin single in-line package having Lead types 
(HB56A49A, HB56A49AT), Socket type (HB56A49B). Therefore, the 
HB56A49 makes high density mounting possible without surface 
mount technology. The HB56A49 provides common data inputs and 
outputs and also provides separate I/O on parity bit for parity check. Its 
module board has decoupling capacitors beneath each SOJ. 

■ FEATURES 

• 30-pin single in-line package 

—Lead pitch 2.54mm 

• Single 5V(± 10%) supply 

• High Speed 

Access time 80ns/100ns/120ns (max.) 

• Low power dissipation 

—Active mode 4455mW/3960mW/3465mW (max.) 

—Standby mode 99mW (max.) 

• Fast page mode capability 

• 1,024 refresh cycle/16ms 

• 3 varia tions of refresh 
— RAS only refresh 
—CAS before RAS refresh 
—Hidden refresh 

• TTL compatible 

■ ORDERING INFORMATION 



I PIN OUT 





Package 


Access Time 


30-pin SIP 
Lead Type 


30-pin SIP Low Profile 
Lead Type 


30-pin SIP 
Socket Type 


80ns 


HB56A49A-8 


HB56A49AT-8 


HB56A49B-8 


100ns 


HB56A49A-10 


HB56A49AT-10 


HB56A49B-10 


120ns 


HB56A49A-12 


HB56A49AT-12 


HB56A49B-12 



I PIN DESCRIPTION 













" 








nn ■ 






nn 




\l pin 






30 pin / 






Pin No. 


Pin Name 


Pm No. 


Pm Name 


1 


Vcc 


16 


DQ4 


2 


CAS 


17 


A8 


3 


DQo 


18 


A9 


4 


Ao 


19 


A,o 


5 


A, 


20 


DQ5 


6 


DQ, 


21 


WE 


7 


A2 


22 


Vss 


8 


A3 


23 


DQ6 


9 


Vss 


24 


NC 


10 


DQ2 


25 


DQ7 


11 


A4 


26 


PQ 


12 


A5 


27 


RAS 


13 


DQ3 


28 


PCAS 


14 


A6 


29 


PD 


15 


A7 


30 


Vcc 



Pm Name 


Function 


Ao~Aio 


Address Input 


Ao~A9 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS, PCAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQo~DQ7 


Data-in/Data-out 


PD 


Parity Data-in 


PQ 


Parity Data-out 


Vcc 


Power Supply (-h 5 V) 


Vss 


Ground 


NC 


Non-connection 
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HB56A49A Series - 



BLOCK DIAGRAM 
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- HB56A49A Series 



■ PHYSICAL OUTLINE 
HB56A49A Series 




• HB56A49AT Series 




• HB56A49B Series 



3 175 
2 0.125 



o8 



0.08 
3.38. 



nnnnn nniaiaa 



nnnnn nnnj 



innn nnnni 



^ 



mnnnnnr 




nnnnn , nni 



nnnnfiiiiinnnnnn 




1.78 , 
0.07 



^ 



nnnnnnrri 



Note: The plating of the contact 
finger is solder coat. 



25 max. 


m 


1.80 min. 
0.071 


0.010 




'* — : 


Detail A 


0070 
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HB56A49A Series - 



I ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on any Pin 
Relative to Vss 


Vt 


-1.0 to +7.0 


V 


Supply Voltage 
Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lou, 


50 


mA 


Power Dissipation 


Pt 


9 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


Tstg 


-55 to + 125 


°C 



■ ELECTRICAL CHARACTERISTICS 

Recommended DC Operating Conditions (Ta = to +70''C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


- 


5.5 


V 


1 


Input Low Voltage 


V,L 


-1.0 


- 


0.8 


V 


1 



NOTE: I All 'Voltage referenced to Vss 

• DC Electrical Characteristics (Ta = to +70X, Vcc = 5V ± 10%, Vss = OV) 



Parameter 


Symbol 


HB56A49A/AT/B-8 


HB56A49A/AT/B-I0 


HB56A49A/AT/B-I2 


Unit 


Test Condition 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Icci 


- 


810 


- 


720 


- 


630 


mA 


tRc = nun 


1,2 


Standby Current 


ICC2 


- 


18 


- 


18 


- 


18 


mA 


TTL Interface 
RAS, CAS = V,H 
Dou, = High-Z 




- 


9 


- 


9 


- 


9 


mA 


CMOS Interface RAS, 
CAS > Vcc - 0-2V 
Do„, = High-Z 




RAS Only Refresh Current 


ICC3 


- 


810 


- 


720 


- 


630 


mA 


tRc = niin 


2 


Standby Current 


ICC5 


- 


45 


- 


45 


- 


45 


mA 


RAS = V,H 
CAS = VjL 
Dout = Enable 


1 


CAS Before RAS Refresh Current 


ICC6 


- 


810 


- 


720 




630 


mA 


tRc = min 




Page Mode Current 


ICC7 


- 


810 


- 


720 


- 


630 


mA 


tpc = min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


liA 


OV < V,N < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


M 


OV < VouT ^ 7V 
Dout - Disable 




Output High Voltage 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High lout - -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low lout =" 4.2mA 





NOTE: I . Ice depends on output load condition when the device is selected. Ice max is specified at the output open condition 

2 Address can be changed less than three times while RAS = V|l. 

3 Address can be changed once or less CAS = V|h 
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- HB56A49A Series 



• Capacitance (Ta = 25°C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


Ci, 


- 


70 


pF 


1 


Input Capacitance (Clock) 


C12 


- 


88 


pF 


1 


Input/Output Capacitance (DQ0-DQ7) 


Ci/o 


- 


30 


pF 


1,2 


Input Capacitance (PD) 


C,3 


- 


20 


pF 


1 


Output Capacitance (PQ) 


Co 


- 


20 


pF 


1,2 



NOTE: 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = ViH to disable Dqut 

• AC Characteristics (Ta = to 70<'C, Vcc = 5V ± 10%, Vss = OV) h 12, i5 

• Read, Write and Refresh Cycle (Common Parameters) 



Parameter 


Symbol 


HB56A49A/AT/B-8 


HB56A49A/AT/B-10 


HB56A49A/AT/B-12 


Unit 


Note 


Mm. 


Max. 


Mm. 


Max 


Mm. 


Max. 


Random Read or Write Cycle Time 


tRC 


160 


- 


190 


- 


220 


~ 


ns 




RAS Precharge Time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-up Time 


tASR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


tcAH 


15 


- 


20 


- 


25 


- 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 ^ 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


- 


25 


- 


30 


- 


ns 




CAS Hold Time 


tcSH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




Transition Time (Rise and Fall) 


tj 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


16 


- 


16 


- 


16 


ns 


17 



• Read Cycle 




Parameter 


Symbol 


HB56A49A/AT/B-8 


HB56A49A/AT/B-10 


HB56A49A/AT/B-12 


Unit 


Note 


Mm. 


Max. 


Mm. 


Max 


Mm 


Max. 


Access Time From RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


2, 3, 16 


Access Time From CAS 


tCAC 


- 


25 


- 


25 


- 


30 


ns 


3, 4, 14 


Access Time From Address 


tAA 


- 


40 


- 


45 


- 


55 


ns 


3, 5, 14, 16 


Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer Turn-off Time 


tOFF 





20 





25 





30 


ns 


6 
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HB56A49A Series - 



• Write Cycle 



Parameter 


Symbol 


HB56A49A/AT/B-8 


HB56A49A/AT/B-10 


HB56A49A/AT/B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Set-up Time 


twcs 





- 





- 





- 


ns 


10 


Write Command Hold Time 


twcH 


15 


- 


20 


- 


25 


- 


ns 




Write Command Pulse Width 


twp 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


- 


25 


- 


30 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


- 


25 


- 


30 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 


ns 


11 


Data-in Hold Time 


tDH 


15 


- 


20 


- 


25 


- 


ns 


11 



• Refresh Cycle 




















Parameter 


Symbol 


HB56A49A/AT/B-8 


HB56A49A/AT/B-10 


HB56A49A/AT/B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max 


CAS Set-up Time 

(CAS Before RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tcHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


ns 





• Fast Page Mode Cycle 



Parameter 


Symbol 


HB56A49A/AT/B-8 


HB56A49A/AT/B-10 


HB56A49A/AT/B-12 


Unit 


Note 


Min. 


Max. 


Mm. 


Max. 


Mm. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


- 


10 


- 


15 


- 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time From CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


14,16 


RAS Hold Time From CAS Precharge 


tRHCP 


50 


- 


50 


- 


60 


- 


ns 





• Test Mode Cycle 




















Parameter 


Symbol 


HB56A49A/AT/B-8 


HB56A49A/AT/B-10 


HB56A49A/AT/B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Mm. 


Max. 


Test Mode WE Set-up Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


twH 


20 


- 


20 


- 


20 


- 


ns 





NOTES: 

1 AC measurements assume tj = 5ns 

2 Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max) If Ircd or tRAD is 
greater than the maximum recommended value shown m this table, tRAC exceeds 
the value shown 

3 Measured with a load circuit equivalent to 2TTL loads and lOOpF 

4 Assumes that tRCD S tRCD (max), Irad S Irad (max) 

5 Assumes that tRCD ^ Ircd (max), tRAD ^ tRAD (max) 

6 toFF (max) defines the time at which the output achieves the open circuit condition 
and is not referenced to output voltage levels 

7 ViH (mm) and Vil (max) are reference levels for measuring timing of input signals 
Also, transition times are measured between Vih and Vil 

8 Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD 
(max) IS specified as a reference point only, if tRCD 's greater than the specified 
tRAD (max) limit, then access time is controlled exclusively by tCAC 

9 Operation with the Irad (max) limit insures that tRAC (max) can be met, Irad 
(max) IS specified as a reference point only, if tRAD 's greater than the specified 
tRAD (max) limit, then access time is controlled exclusively by tAA 

10 Early write cycle only (twcs ^ twcs (mm)) 



1 1 These parameters are referenced to CAS leading edge in an early write cycle 

12 An initial pause of lOO/xs is required after power up follow ed by a minimum of eight 
initia lization cycles (any combination of cycles containing RAS clock such as 
RAS-only refresh) 

1 3 tRASC defines RAS pulse width in fast page mode cycles 

14 Access time is determined by the longer of tAA or tCAC or tACP 

15 Test mode operation specified in this data sheet is 8-bit test function controlled by 
control addre ss bit s— RA 10, CAIO and C AO This test mode operation can be 
performed by WE and CAS before RAS (WCBR) refresh cycle Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh 
cycles When the state of eight test bits accord each other, the condition of the 
output data is high levej When the state of eight test bits do not accord, the 
condition of the output data is low level Data output pin is Pou t and data input pin 
IS D m In order t o end this test mode operation, perform a RAS only refresh cycle 
or a CAS before RAS refresh cycle 

16 In a test mode read cycle, the value of Irac. tAA and Iacp '*> delayed for 2ns to 5ns 
for the specified value These parameters should be specified in test mode cycles by 
adding the above value to the specified value in this data sheet 

17 tREF defines is 1,024 refresh cycles 
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- HB56A49A Series 



I TIMING WAVEFORM 
Read Cycle 

RAS 



CAS 



Address 



Dout 
Din 



n: 



USR^ 



^: 



tRAS? 



^RCD 



tcSH 



. tRAH, 



N. / 



tASC 



tRAD 



tRSH 



tCAS 



jtCAH 
tRAL 



U^BCsJ 



^ y//////////// / 



rf—^v 



tRP 



tCRP 



X. 



^1 i^tRRH 

tRCH 



tCAC 



tAA 



tRAC 



wy//////A 



tOFF 



Vaild ^t 
CXitput 2 ' 



^-■.< 



Early Write Cycle 
RAS 

CAS 



Dout 
Din 



n: 



tASR, 



tRAS 



tRCD 



tCSH 



r^BAH, 



N. / 



tRAD 



Address ^^ - »°" ^ ^^^^f 



tRSH 



:'f~^\ 



tcAS ^ 



twcs 



WE yy////////////^ : 



tos, 



tCAH 
tRAL 



tRP 



tCRP 



X. 




\> <////////////////yvy 



'/ 



twCH 



twp 



y/////////////^c^ry////////////////////. 



\ ///////////////////. 



^^ 
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• RAS Only Refresh Cycle 



RAS 



n: 



CAS 






tASR 



tRC 



tRAS 



K~^\ 



^ tRp 



tRpC 



2 



tRAH 



Address 7/?>i^r^^ YZ:''^w^ 

High-Z 

Dout 

1 WE Don't care 

^ Y///A Dontcare 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



tRPC 



N. 



tRAS 



/ 



\. 



tRP 



,tRPC^ 



.^^. 



1 Address, Dm Don't care 

2 Dout High-Z 

3 X////){ .Dontcare 

4 WE-VIH 
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- HB56A49A Series 



• Hidden Refresh Cycle 



RAS \ 



RAS 
CAS 



tRC 



tRAH 



tRSH_j 
tRCD 



tRAS 



K"^. 



\. 



WE v////m 



tCAS 




tASC 



,^ 



Address -^>><;^^^yZ^^ 

_i_^RH 



Dout 



tAA 



Oout 
— #- 



tOFF 



^ 



• Fast Paqe Mode Read Cycle 



RAS 



CAS 



tASR^ 



tRASC 



tcSH 



tRCD 



tRAD 



ie^ 



tRCS, 



.^CAS, 



tCAH 



WE V/////////A 



Dout 
Din 



|J tRCH 



tASC. 



Address ^^ A^^:^T l0) C^^^; <Z^ \^^ 



^ 



tRAC 



tcp 



-^AS^ 



tCAH 



tRHCP 



tASC. 




I tRCH 

tRCS 



^tcAC 



tACP 



K — K 

tRP 



tCAS 



tRAL 
tCAH 




J tRCS 



/ 



tcRP 



tAA 



tACP 



V33 ^L ,f VaW i^^ i^ Valid S 

Output 1 ^ ? ^ .^ Output 2 , ^ S g Output N j t 



tRRH 



T^ 




High-Z 
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• Fast Page Mode Early Write Cycle 



RAS 



CAS 




tASR 



y/////////^ 



tps ^ 



Dout 
Din 



Address y X "°" Y ^ \ ^'"""^ > 0^ I ^' ""^ J < ^^^ ^"""^sky^^^:^^ 



J twcs^ 

twCH 



tWP^ 



toH 



:^: 



tD5^ 



twos . 



twCH 



tyyp. 



tOH 



:^: 



'mzzzzz2K:^zym^mym:^ywMc 



tqs^ 



twcH 



twp. 



Jdh 



\ m^m?. 



High-Z 



^0 
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- HB56A49A Series 



Test Mode Cycle 



RAS 



CAS 



WF // 



WE 




1 CBR or RA S only refresh 

2 X///A • Don't care 

3 Address, Dm: Don't care 



• Test Mode Set Cycle 



RAS 



CAS 



WE 



tRAS 



^^ ^v 



N 



tcSR 



tws 



tRC 



< ^"AS ^ 



JtcHR^ 



tpp 



r^RPC, 



1 



tCRP 



/ 



l\ II 



tWH 



z 




Address 



Z 



Dout 



1 X///A . Don't care 
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■ TEST MODE RESET CYCLE 
• CAS Before RAS Refresh Cycle 



RAS 



CAS 



WE 



7 



Address 



Dout 



V 



tRPC , tcSR 



tws 



tfiC 



^ ^^^ > 



tRP 



\ 



tRPC 



tcSR 



tWH tws 



tRC 



< ^»AS ^ 



tRP 



tCHR 



y 



^^; 



twH 



Zc 



r/V>Oi - Don't care 



RAS Only Refresh Cycle 



RAS 



CAS 



Address 



^. 



tCRP 



tRC 



tRAS 



tRP 



tRPC 



K 



tRAH 



tASR 



^ 



Dout 



1 X///A : Don't care 

2 Refresh Address : A0-A9 

(AX0-AX9) 
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HB56D136B-8/10/12 
36-Bit DRAM 



1,048,576- Word x 36-Bit High Density Dynamic 
RAIVI Module 

■ DESCRIPTION 

The HB56D136B is a 1M x 36 dynamic RAM module, mounted 
8 pieces of 4Mbit DRAM (HM514400JP) sealed in SOJ package and 
4 pieces of 1Mbit DRAM (HM511000AJP) sealed in SOJ package. An 
outline of the HB56D136B is 72-pin single in-line package. Therefore, 
the HB56D136B makes high density mounting possible without surface 
mount technology. The HB56D136B provides common data inputs and 
outputs. Decoupling capacitors are mounted beneath each SOJ. 

■ FEATURES 

• 72-pin single in-line package 

—Lead pitch 1.27mm 

• Single 5V ( ± 5%) supply 

• High Speed 

Access time 80ns/100ns/120ns (max.) 

• Low power dissipation 

—Active mode 5.25W/4.62W/3.99W (max.) 

—Standby mode 126mW (max.) 

• Fast page mode capability 

• 1,024 refresh cycle/16ms 

• 2 variations of refresh 
— RAS only refresh 
—CAS before RAS refresh 

• TTL compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HB56D136B-8 


80ns 




HB56D136B-10 


100ns 


72-pin SIP 
Socket Type 


HB56D136B-12 


120ns 





PRESENCE DETECT PIN OUT 



Pin No. 


Pin Name 


HB56D136B 


80ns 


100ns 


120ns 


67 


PD, 


Vss 


Vss 


Vss 


68 


PD2 


Vss 


Vss 


Vss 


69 


PD3 


NC 


Vss 


NC 


70 


PD4 


Vss 


Vss 


NC 



PIN OUT 




Pm 

No 


Pin 

Name 


Pin 

No 


Pin 
Name 


Pm 

No 


Pm 

Name 


Pm 

No 


Pin 
Name 


1 


Vss 


19 


NC 


37 


DQ,7 


55 


DQ,2 


2 


DQo 


20 


DQ4 


38 


DO35 


56 


DQ^o 


3 


DQ,8 


21 


DQ22 


39 


Vss 


57 


DQ,3 


4 


DO, 


22 


DQ5 


40 


CASo 


58 


DQ31 


5 


DQ19 


23 


DQ23 


41 


CAS2 


59 


Vcc 


6 


DQ2 


24 


DQ6 


42 


CAS3 


60 


DQ32 


7 


DQ20 


25 


DQ24 


43 


CAS, 


61 


DQ,4 


8 


DO3 


26 


DO7 


44 


RASo 


62 


DQ33 


9 


DO21 


27 


DQ25 


45 


NC 


63 


DQ,5 


10 


Vcc 


28 


A7 


46 


NC 


64 


DO34 


11 


NC 


29 


NC 


47 


WE 


65 


DQ,6 


12 


A() 


30 


Vcc 


48 


NC 


66 


NC 


13 


Ai 


31 


As 


49 


DO9 


67 


PD, 


14 


A2 


32 


A, 


50 


DQ27 


68 


PD2 


15 


A3 


33 


NC 


51 


DQ,o 


69 


PD, 


16 


A4 


34 


RAS2 


52 


DQ28 


70 


PD4 


17 


As 


35 


DQ26 


53 


DQ„ 


71 


NC 


18 


A6 


36 


DQ« 


54 


DQ29 


72 


Vss 



I PIN DESCRIPTION 



Pin Name 


Function 


Ao~A9 


Address Input 


Aq-Aq 


Refresh Address Input 


DQo~DQ35 


Data-in/Data-out 


CASo~CAS3 


Column .Address Strobe 


RASo, RAS2 


Row Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power Supply (+5V) 


Vss 


Ground 


PD,~PD4 


Presence Detect Pin 


NC 


Non-connection 
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HB56D136B Series - 



BLOCK DIAGRAM 



•D0~D7 :HM514400JP 
M0-M3:HM511000JP 



RASO » 
CASO» 

DQO • 
DQ1 • 
DQ2 • 
DQ3 • 



DQ4 
DQ5 
DQ6 
DQ7 



DQ13» 
DQ14» 
DQ15» 
DQ16» 



CAS2»- 

DQ18»- 
DQ19»- 
DQ20*- 
DQ21»- 



CAS3»- 

DQ27»- 
DQ28»- 
DQ29»- 
DQ30»- 



DQ31»- 
DQ32»- 
DQ33»- 
DQ34»- 



DQ35* — 

A0~A9 ♦- 
WE •- 
Vcc •- 

Vss •- 



1/01 CAS RAS 

1/02 

1/03 DO 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 D2 

1/04 

OE 



CAS RAS 
Din/out MO 



A" 



1/01 CAS RAS 

1/02 

1/03 D4 

1/04 

OE 



"& 



1 



1/01 CAS RAS 

1/02 

1/03 D6 

1/04 

OE 



CAS RAS 
Din/out Ml 



^" 



1/01 CAS RAS 

1/02 

1/03 D1 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 D3 

1/04 

OE 



CAS RAS 
Din/out M2 



1/01 CAS RAS 

1/02 

1/03 D5 

1/04 

OE 



^~ 



1/01 CAS RAS 

1/02 

1/03 D7 

1/04 

OE 



CAS RAS 
Din/out M3 



-^D0~D7. M0~M3 
-*-D0--D7. M0~M3 
*- D0~D7, M0~M3 



►D0~D7, M0~M3 
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- HB56D136B Series 



I PHYSICAL OUTLINE 



Unit: 



' 0.125 




4.25 

101.19 



EH) EZl EH) 



JU12Z ri57^J/LL.< 



rniiTTmMrrT] 



6.35 
0.25 



Detail A 




Jl m 

sJ nrm 




II m 

^ firm 





HKoMi 



5.28 max 



1.27 typ. 



0.05 



Note: The plating of the contact finger is gold. 



Detail B 



^ 


0.25 max. 


2.54 min. 






0.100 






1.07 max. 






0.042 
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I ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on any Pin 


(Input) 


V,N 


-1.0 to +7.0 


V 


Relative to Vss 


(Output) 


VouT 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


Vcc 


-l.Oto+7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


12 


W 


Operating Temperature 


v 


Oto +70 


°c 


Storage Temperature 


Tstg 


-55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 
Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Mm. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


V,H 


2.4 


- 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


- 


0.8 


V 


1 



NOTE: 1 All voltage referenced to Vss 

• DC Electrical Characteristics (Ta = to +70°C, Vcc = 5V ± 5%, Vss = OV) 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Test Condition 


Note 


Min 


Max 


Mm 


Max 


Mm 


Max 


Operating Current 


Icci 


- 


1000 


- 


880 


- 


760 


mA 


tRc = min 


1,2 


Standby Current 


ICC2 


- 


24 


- 


24 


- 


24 


mA 


TTL Interface 
RAS, CAS = VjH 
Dou, = High-Z 




- 


12 


- 


12 


- 


12 


mA 


CMOS Interface RAS, 
CAS > Vcc - 0.2V 
Dout = High-Z 




RAS Only Refresh Current 


ICC3 


- 


960 


- 


' 840 


- 


740 


mA 


tRc = rnm "^ 


2 


Standby Current 


ICC5 


- 


60 


- 


60 


- 


60 


mA 


RAS = V,H 
CAS = V,L 
Dout = Enable 


• 


CAS Before RAS Refresh Current 


ICC6 


- 


960 


- 


840 


- 


720 


mA 


tRc = min 




Page Mode Current 


ICC7 


- 


920 


- 


840 


- 


720 


mA 


tpc = min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


liA 


OV < V,N < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


HA 


OV < VouT ^ 7V 
Dou, = Disable 




Output High Voltage 


Vqh 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High lout = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





04 


V 


Low lout = 4.2mA 





NOTE: I Ice depends on output load condition when the device is selected. Ice max is specified at the output open condition 

2 Address can be changed less than three times while RAS = Vil 

3 Address can be changed once or less CAS = Vjh 
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- HB56D136B Series 



• Capacitance (Ta = IS^C, Wqc = 5V ± 5%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


c„ 


- 


88 


pF 


1 


Input Capacitance (WE) 


C12 


- 


104 


pF 


1 


Input Capacitance (RAS) 


Ci3 




57 


pF 


1 


Input Capacitance (CAS) 


C,4 




36 


pF 


1 


Output Capacitance 

(DQ0-DQ7, DQ9-DQ,6, DQ,8-DQ25, DQ27-DQ34) 


Ci/01 


- 


17 


pF 


1,2 


Output Capacitance (DQg, DQ,7, DQ26, DQ35) 


Ci/02 


- 


22 


pF 


1,2 



NOTE: 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = ViH to disable Dqut 



• AC Characteristics (Ta = to 70°C, Vcc = 5V ± 5%, Vss ■ 
• Read, Write and Refresh Cycle (Common Parameters) 



OV) I 12 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Note 


Min. 


Max. 


Mm. 


Max. 


Mm. 


Max. 


Random Read or Write Cycle Time 


tRC 


160 


- 


190 


- 


220 


- 


ns 




RAS Precharge Time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-up Time 


USR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


k:AH 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


45 


20 


55 


20 


65 


ns " 


9 


RAS Hold Time 


tRSH 


25 


- 


25 


- 


30 


- 


ns 




CAS Hold Time 


tcSH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




Transition Time (Rise and Fall) 


tj 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


16 


- 


16 


- 


16 


ns 


15 
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• Read Cycle 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Note 


Mm. 


Max. 


Min. 


Max. 


Min. 


Max. 


Access Time From RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


2,3 


Access Time From CAS 


tCAC 


- 


25 


- 


25 


- 


30 


ns 


3,4 


Access Time From Address 


tAA 


- 


40 


- 


45 


- 


55 


ns 


3,5 


Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer T\irn-off Time 


tOFF 





20 





25 





30 


ns 


6 



• Write Cycle 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Set-up Time 


twcs 





- 





- 





- 


ns 


10 


Write Command Hold Time 


twCH 


20 


- 


25 


- 


30 


- 


ns 




Write Command Pulse Width 


twp 


15 


- 


20 


- 


25 


- 


ns 




Data-in Set-up Time 


Ids 





- 





- 





- 


ns 


11 


Data-in Hold Time 


tDH 


20 


- 


20 


- 


25 


- 


ns 


11 



• Refresh Cycle 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Set-up Time 

(CAS Before RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


- 


15 


- 


15 


- 


ns 
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- HB56D136B Series 



• Fast Page Mode Cycle 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


- 


55 


- 


65 


- 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


- 


15 


~ 


20 


- 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time From CAS Precharge 


tACP 


- 


50 


~ 


50 


- 


60 


ns 


14 


RAS Hold Time From CAS Precharge 


tRHCP 


50 


- 


50 




60 


- 


ns 





1 AC measurements assume tj = 5ns 

2 Assumes that tRCD ^ tRCD (max) and tRAD S tRAD (max) If tRCD or tRAD is greater than the maximum recommended value shown m this table, Irac exceeds the 
value shown 

3 Measured with a load circuit equivalent to 2TTL loads and lOOpF 

4 Assumes that tRCD ^ tRCD (max), tRAD ^ Irad (max) 

5 Assumes that tRCD ^ tRCD (max), tRAD ^ tRAD (max) 

6 toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels 

7 ViH (mm) and Vil (max) are reference levels for measuring timing of input signals Also, transition times are measured between Vjh and Vjl 

8 Operation with the tRCD (max) limit insures that Irac (max) can be met, tRCD (max) is specified as a reference point only, if tRCD is greater than the specified tRCD 
(max) limit, then access time is controlled exclusively by tcAC 

9 Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, if tRAD is greater than the specified tRAD 
(max) limit, then access time is controlled exclusively by tAA 

10 Early write cycle only (twcs ^ twcs (mm)) 

1 1 These parameters are referenced to CAS leading edge in an early write cycle 

12 An initial pause of lOOfis is required after power up followed by a minimum of eight initialization cycles (any combination of cycles containing RAS clock such as 
RAS-only refresh) 

13 tRASC defines RAS pulse width in fast page mode cycles 

14 Access time is determined by the longer of tAA or tcAC or tACP 

15 tREF defines is 1,024 refresh cycles 
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■ TIMING WAVEFORM 
• Read Cycle 

RAS 



CAS 

Address 
WE 

Dout 
Din 



^: 



tASR^ 



2>^: 



JRC. 



JRAS- 



tRCD 



tcSH 



*i5AH^ 



^. 



1 *ASp 

tRAP 



:>^K 



tRSH 



tCAS 



|tCAH 
tRAL 



/' 



tAR 



U,tRcsJ 



y//////////// / 



\rr^^ 



*RP » 



tCRP ^ 



^, i^tRRH 

tRCH 



tCAC 



tAA 



tRAC 



HIgh-Z 



Z 



W/////M 



tOFF 



Valid 
Output 



^: 



Early Write Cycle 



RAS 



CAS 



Address 



Dout 
Din 



^: 



tASR, 



2^: 



tRC 



tRAS 



tRCD 



tcSH 



Vrah^. .^'^c 



N. / 



twCR 



tRSH 



tCAS 



tCAH 
tRAL 



WE v//////////////>r . 



tOHR 



tos. 



y///////////////y97Zy 



y////////////M :wj ^///////////^^^^'^. 



tRP 



tCRP 



tOH 



H^h-Z 



^: 
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RAS Only Refresh Cycle 



PAS 

CAS 

Address 
Dout 



n: 



tCRPr-**- 



tASR 



tRC 



tpAS 



yr~^\ 



<RP 



IRPC 



yyyyzv^ 



tpAH 



7;'?>K^nf Z7z^////////////////////^^^^^ 

Hi9h-Z 

1 WE : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



tppc 






tRC 



N. 



t RAS 



,^CHR, 



.^ 



"\. 



tRP 



.tRPC^ 



.^^. 



1 Address. Din. Don't care 

2 Dout:High-Z 
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• Fast Page Mode Read Cycle 



RAS 



CAS 

tASR_ 

Address ^^ 



tRASC 



tCSH 



tRCD 



tRAD 



J" ^ 



tASC, 



tflCS 



>^''^^^^^^~^\ 



tCAH 



WE 

Dout 
Din 



V/////////A 



J tRCH 



tASC^ 



-^CAC^ 



tAA 



tRAC 



tpc 



tCAH 



tRHCP 



y — '\ 



tASC^ 



j tRCH 

tRCS 



ym. 






tOFF 



tcAS 



tRAL 
tCAH 



J tRCS 



tRP 



/ 



i wm^^ 



^ — \t^ — ^ 



\ ^ Ou»uti ^ \ Outpm2 ^ S , OutpiHN ^ r 



tRRH 



1^ 



_Hia!vz_ 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



t ASR 



tRASC 



tCSH 



tRCD 



jRAt^ 



tRAD 



tASC 



twos 



y/////////>x 



tASC, 



Address ^ ^ V Z!^ .^^' J l(Z!^ \^^ 



twCH 



twcs 



.tpH. 



:^: 



tpc 



>^^^~'^._J^^^s, 



.J^^!^ 



tRHCP 



tCAH 



•^ 



Dou, ^^^NZ^3<^<S>®CS3^^ 



tASC_, 



twCH 



twcs . 



JWP^ 



JDH 



:^: 



■ *RSH. 



^ tcAS 



>f — K 

tRP 



:p 



tCRP 



tCAH 



tyycH 



twp. 



Jiesu 



:«^^ 



Din 



"Iflh-Z 



^•^ 
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HB56D236B-8/10/12 

2, 097,1 52- Word x 36-Bit High Density Dynamic RAM Module 



■ DESCRIPTION 

The HB56D236B is a 2M x 36 dynamic RAM module, mounted 
16 pieces of 4Mbit DRAM (HM514400JP) sealed in SOJ package and 
8 pieces of 1Mbit DRAM (HM511000AJP) sealed in SOJ package. An 
outline of the HB56D236B is 72-pln single in-line package. Therefore, 
the HB56D236B makes high density mounting possible without surface 
mount technology. The HB56D236B provides common data inputs and 
outputs. Decoupling capacitors are mounted beneath each SOJ but 
only on the side of its module board. 

■ FEATURES 

• 72-pin single in-line package 

—Lead pitch 1.27mm 

• Single 5V ( ± 5%) supply 

• High Speed 

—Access time 80ns/100ns/120ns (max ) 

• Low power dissipation 

—Active mode 5.57W/4.94W/4.31W (max.) 

—Standby mode 252mW (max.) 

• Fast page mode capability 

• 1,024 refresh cycle/16ms 

• 2 variations of refresh 
— RAS only refresh 
—CAS before RAS refresh 

• TTL compatible 

■ ORDERING INFORMATION 



PIN OUT 



Part No 


Access Time 


Package 


HB56D236B-8 


80ns 




HB56D236B-10 


100ns 


72-pin SIP 
Socket Type 


HB56D236B-12 


120ns 





PRESENCE DETECT PIN OUT 



Pin No. 


Pin Name 


HB56D236B 


80ns 


100ns 


120ns 


67 


PD, 


NC 


NC 


NC 


68 


PD2 


NC 


NC 


NC 


69 


PD3 


NC 


Vss 


NC 


70 


PD4 


Vss 


Vss 


NC 




Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 

Name 


Pin 

No 


Pin 

Name 


Pin 

No. 


Pin 
Name 


1 


Vss 


19 


NC 


37 


DQl7 


55 


DQ,2 


2 


DQo 


20 


DQ4 


38 


DQ35 


56 


DQ30 


3 


DQ,8 


21 


DQ22 


39 


Vss 


57 


DQ,3 


4 


DQ, 


22 


DQ5 


40 


CASo 


58 


DQ31 


5 


DQ,9 


23 


DQ23 


41 


CAS2 


59 


Vcc 


6 


DQ2 


24 


DQ6 


42 


CAS3 


60 


DQ32 


7 


DQ20 


25 


DQ24 


43 


CASi 


61 


DQ,4 


8 


DQ3 


26 


DQ7 


44 


RASo 


62 


DQ33 


9 


DQ2, 


27 


DQ25 


45 


RAS, 


63 


DQ,5 


10 


Vcc 


28 


A7 


46 


NC 


64 


DQ34 


11 


NC 


29 


NC 


47 


WE 


65 


DQ16 


12 


Ao 


30 


Vcc 


48 


NC 


66 


NC 


13 


A, 


31 


Ag 


49 


DQ9 


67 


PD, 


14 


A2 


32 


A9 


50 


DQ27 


68 


PD2 


15 


A3 


33 


RAS3 


51 


DQio 


69 


PD3 


16 


A4 


34 


RAS2 


52 


DQ28 


70 


PD4 


17 


A5 


35 


DQ26 


53 


DQu 


71 


NC 


18 


A6 


36 


DQg 


54 


DQ29 


72 


Vss 



PIN DESCRIPTION 




Pin Name 


Function 


Ao~A9 


Address Input 


Ao~A9 


Refresh Address Input 


DQo~DQ35 . 


Data-in/Data-out 


CASo~CAS3 


Column Address Strobe 


RASo~RAS3 


Row Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power Supply (+5V) 


Vss 


Ground 


PD,~PD4 


Presence Detect Pin 


NC 


Non-connection 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy • Brisbane, CA 94005-1819 • (415) 589-8300 



1049 



HB56D236B-8/10/12 - 



BLOCK DIAGRAM 



*D0~D15 .HM514400JP 
M0~M7:HM511000JP 



RASO«- 
CASO»- 

DQO •- 

DQ1 •- 

DQ2 •- 

DQ3 ♦- 



DQ4 
005 
D06 
DQ7 



DQ9 •- 
DQ10»- 
DQ11»- 
DQ12»- 



DQ13«- 
DQ14»- 



DQ18«~ 
DQ19«- 
DQ20»- 
DQ21»- 



DQ24»~ 
DQ25»- 



DQ27»- 



DQ28»- 
DQ29»-- 



DQ34»- 



DQ35» 
A0~A9«- 

vai •- 

Vcc •- 



Vss 



1/01 CAS RAS 

1/02 

1/03 DO 

1/04 

OE 



i/01 CAS RAS 

1/02 

1/03 03 

1/04 

OE 



CAS RAS 
Oin/out MO 



1/01 CAS RAS 

1/02 

1/03 04 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 07 

1/04 

OE 



CAS RAS 
Oin/out M4 



1/01 CAS RAS 

1/02 

1/03 08 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 Oil 



CAS RAS 
Din/out M4 



W)1 CAS RAS 

1/02 

i/03 012 



vol CAS RAS 

1/02 

1/03 015 



CAS RAS 
Oin/out M6 



►00-015. M0~M7 



-*► 00-015. M0~M7 
^00-015. M0~M7 



► 00-015, IWI0~M7 



1/01 CAS RAS 

1/02 

i/03 01 

i/04 

OE 



1/01 CAS RAS 

1/02 

1/03 02 

1^ 

OE 



CAS RAS 
Oin/out Ml 



1/01 CAS RAS 

1/02 

1/03 05 

OE 



1/01 CAS RAS 

1/02 

1/03 06 

1/04 

OE 



CAS RAS 
Oin/out M3 



1/01 CAS RAS 

i/02 

1/03 09 

JAM 

OE 



1/01 CAS RAS 

1/02 

1/03 010 

\m 

OE 



CAS RAS 
Oin/out M5 



1/01 CAS RAS 

1/02 

1/03 013 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 014 



CAS RAS 
Oin/out M7 
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- HB56D236B-8/10/12 




4.25 
101.19 



A 



^ 

I nil nH nil nil nil nP n|/l nil nl 



miiimmininiifiiiiiiiiiiiiiiB^ 



1.27 
"0.05 







6.35 
0.25 



m 



uuuuuujuuuuuuuu.iJUUUUUijjuuuuuuuUDDDDMIII^^ 



O 



□nnDDnnn 



9.144 max. 



0.36 



1.27 typ. 



0.05 







Detail A 












80ns 


100ns 


120ns 






]0: 








Detail B 




Ml 




) 






) 






(5] 


0.25 max. 


1 HCS^Ww 


^-" 


2.54 min. 
0.100 








OQOQQOOQOQQD 


fnmimm 


nnmmTTTi 


Note: The plating of the contact finger is gold. 




1 .07 max 


' — 




— 


0.010 




0.042 ' ' 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on any Pin 


(Input) 


.V,N 


-1.0 to +7.0 


V 


Relative to Vss 


(Output) 


VouT 


-1.0 to +7.0 


V 


Supply Voltage relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short circuit output current 


lout 


50 


mA 


Power dissipation 


Pt 


12 


W 


Operating temperature 


Topr 


Oto+70 


°C 


Storage temperature 


Vs.g 


-55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

' Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


VlH 


2.4 


- 


5.5 


V 


1 


Input Low Voltage 


V,L 


-1.0 


- 


0.8 


V 


1 



I All voltage referenced to Vss 



• DC Electrical Characteristics (Ta = to +70°C, Vcc = 5V ± 5%, Vss = OV) 



Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Test Condition 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Operating Current 


Icci 


- 


1060 


- 


940 


- 


820 


mA 


tRC ~ '^"^ 


1,2 


Standby Current 


Icc2 


- 


48 


- 


48 


- 


48 


mA 


TTL Interface 
RAS, CAS = V,H 
DouT = High-Z 




- 


24 


- 


24 


- 


24 


mA 


CMOS Interface RAS, 
CAS > Vcc - 0-2V 
DouT = High-Z 




RAS Only Refresh Current 


ICC3 


- 


1020 


- 


900 


- 


800 


mA 


tRC = min 


2 


Standby Current 


ICC5 


- 


120 


- 


120 


- 


120 


mA 


RAS = V,H 
CAS = V,L 
Dqut = Enable 


' 


CAS Before RAS Refresh Current 


ICC6 


- 


1020 


- 


900 


- 


780 


mA 


tRC = min 




Page Mode Current 


ICC7 


- 


980 


- 


900 


- 


780 


mA 


tpc = min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


ti^ 


OV < V,N < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


M 


OV < VouT ^ 7V 
DouT = Disable 




Output High Voltage 


VoH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High louT = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low Iqut = 4.2mA 





NOTE: I . Ice depends on output load condition when the device is selected. Ice max is specified at the output open condition 

2 Address can be changed less than three times while RAS = Vil. 

3 Address can be changed once or less CAS = Vih 
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• Capacitance (Ta = 25°C, Vcc = 5V ± 5%) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Note 


Input Capacitance (Address) 


c„ 


- 


161 


pF 


1 


Input Capacitance (WE) 


C12 


- 


193 


pF 


1 


Input Capacitance (RAS, C"AS) 


C,3 


- 


62 


pF 


1 


Output Capacitance (DQo_7, DQ9_,6, DQ,8_25, DQ27-34) 


Ci/01 


- 


29 


pF 


1,2 


Output (DQg 17.26,35) 


Ci/02 


— 


39 


pF 


1,2 



NOTE: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = ViH to disable Dqut 

• AC Characteristics (Ta = to TO'^C, Vcc = 5V ± 5%, Vss = OV) 1. 12 
• Read, Write and Refresh Cycle (Common Parameters) 



Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-8-12 


Unit 


Note 


Mm. 


Max. 


Min. 


Max. 


Min 


Max. 


Random Read or Write Cycle Time 


tRC 


160 


- 


190 


- 


220 


- 


ns 




RAS Precharge Time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Set-up Time 


USR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


k:AH 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


45 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


- 


25 


- 


30 


- 


ns 




CAS Hold Time 


k:sH 


80 


- 


100 


- 


120 


- 


ns 




CAS to RAS Precharge Time 


k:RP 


10 




10 


- 


10 


- 


ns 




Transition Time (Rise and Fall) 


tj 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


16 


- 


16 


- 


16 


ns 


15 



• Read Cycle 




Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Note 


Min. 


Max 


Mm. 


Max. 


Min. 


Max. 


Access Time From RAS 


tRAC 


- 


80 


- 


100 


- 


120 


ns 


2,3 


Access Time From CAS 


tCAC 


- 


25 


- 


25 


- 


30 


ns 


3,4 


Access Time From Address 


tAA 


- 


40 


- 


45 


- 


55 


ns 


3,5 


Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer Turn-off Time 


tOFF 





20 





25 





30 


ns 


6 
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HB56D236B-8/10/12 - 
• Write Cycle 



Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Command Set-up Time 


twcs 





- 





- 





- 


ns 


10 


Write Command Hold Time 


twcH 


20 


- 


25 


- 


30 


- 


ns 




Write Command Pulse Width 


twp 


15 


- 


20 


- 


25 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 


ns 


11 


Data-in Hold Time 


tOH 


20 


- 


20 


- 


25 


- 


ns 


11 



• Refresh Cycle 



Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


CAS Set-up Time 

(CAS Before RAS Refresh Cycle) 


tcsR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


- 


15 


- 


15 


- 


ns 





• Fast Page Mode Cycle 



Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Fast Page Mode Cycle Time 


tpc 


55 


- 


55 


- 


65 


- 


ns 




Fast Page Mode CAS Precharge Time 


k:? 


10 


- 


10 


- 


20 


- 


ns 




Fast Page Mode RAS Pulse Width 


^RASC 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time From CAS Precharge 


Ucp 


- 


50 


- 


50 


- 


60 


ns 


14 


RAS Hold Time From CAS Precharge. 


tRHCP 


50 


- 


50 


- 


60 


- 


ns 





1 AC measurements assume tj = 5ns 

2 Assumes that tRCD s tRCD (max) and Irad s tRAD (max) If tRCD or Irad is greater than the maximum recommended value shown m this table, Irac exceeds the 
value shown 

3 Measured with a load circuit equivalent to 2TTL loads and lOOpF 

4 Assumes that tRCD S: tRCD (max), and tRAD ^ tRAD (max) 

5 Assumes that tRCD ^ tRCD (max), and Irad S: Irad (max). 

6 toFP (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels 

7 VjH (mm) and Vil (max) are reference levels for measuring timing of input signals Also, transition times are measured between Vih and Vil. 

8 Operation with the Ircd (max) limit insures that tRAC (max) can be met, Ircd (max) is specified as a reference point only, if Ircd «s greater than the specified Ircd 
(max) limit, then access time is controlled exclusively by tcAC 

9 Operation with the tRAD (max) limit insures that Irac (max) can be met, tRAD (max) is specified as a reference point only, if tRAD 's greater than the specified Irad 
(max) limit, then access time is controlled exclusively by tAA 

10 Early write cycle only (twcs ^ twcs (min)) 

1 1 These parameters are referenced to CAS leading edge m an early write cycle 

12 An initial pause of l(X) iis is required after power up followed by a minimum of eight initialization cycles (any combination of cycles containing RAS clock such as 
RAS-only refresh) 

13 tRASC defines RAS pulse width in fast page mode cycles 

14 Access time is determined by the longer of tAA or tcAC or Iacp 

15 tREF defines is 1,024 refresh cycles 
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I TIMING WAVEFORM 
Read Cycle 



- HB56D236B-8/10/12 



RAS 
CAS 

Address 
WE 

Dout 
Din 



^: 



tASR^ 



2^: 



tRC 



tRAS 



:'f7^\ 



tcSH 



, tRAH 



N. 



1 »AS(? 

tRAD 



tAR 



tCAS 



|tCAH 
*RAL 



/ 



y//////////// / 



tRP 



tCRP 



V 



\ (///////////////7^7Zy 



lAA ^ 



tRAC 



tRCH 



Jbrh 



W////////^ 



tOFF 



VaW ^t 
Oulput 3 ' 



^: 



• Early Write Cycle 



RAS 



CAS 



Address 



WE 



Dout 
Din 



n: 



tASR^ 



2^: 



tRC 



tRAS 



tRCD 



tcSH 



^ tcAS 



tRAD 



N. / 



twCR 



tRSH 



:^'~^\ 



tCAH 



twcs. 



y/////////////^ i 



tpHR 



tos. 



Y///////////////y^y 



tvycH 



twp 



y////////////M 'w ^//////////z^z^z^. 



tRAL 



tRP 



tCRP 




\ ^//////////////////. 



Hiflh^Z 



^^ 
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RAS Only Refresh Cycle 



RAS 

CAS 

Address 
Dout 



^. 



tCRP|-»*^ 



tASR 



tRAS 



yr~^\ 



iRp_ 



_tRPC 

' ^///////A 



Hi9h-Z 



• CAS Before RAS Refresh Cycle 



1 WE .Don't care 



.^.Donu 



RAS 



CAS 



tRPC 






N. 



tRC 



,tcHR^ 



.A- 



tRP 



,tRPC^ 



.^^. 



"N. 



1 Address, Dm Don't care 

2 Dout High-Z 

3 ^///X Don't care 

4 WE-VIH 
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• Fast Page Mode Read Cycle 



RAS 



CAS 

tASR 

Address /)\_ 



tRASC 



tcSH 



tRCP 



tRAD 



^m^ 



tASC_^ 



tRCS 



tCAH 



WE v//y//////;^ \.^- 

L ''aa : 



Dout 
Din 



|J tRCH 



tASC, 



)K^: 



tRAC 



tpc 



tcp 



^.tcAS^ 



tRHCP 



y 



Iasc, 




I iRCH 



>^: 



. tCAC . 



tAA 



tOFF 



Valid ^t 

Output 1 p r 



. ^RSH . 



tCAS 



tRAL 
tCAH 



tRP 



/ 



N 

tCRP 



^>^^ 



tRCS 



MS 

^ lACP ^ 



tOFF 



Valid 
Output 2 



tRRH 



V^ 



,^OFF, 



"^s^ 2^ v3hd Vr 

^? S ^ OutputN ^ f 
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• Fast Page Mode Early Write Cycle 



RAS 



CAS 



*A$R ^ 



tRASC 



tcSH 



tRCD 



tRAD 



-19^ 



tASC 



tyvcs 



y/////////>^ 



tCAH 



^ ^gP» 



<BS_, 



Dout 
Din 



tASC, 



Address '9j \ "^ J ^<Z^ [ ^"^^ > 0^ ' ^"""^ i <Z^ [ ^'^^ l ( <6y////// 



twcs 



tWCH 



JyflV 



tOH 



:^: 



tpc 



>._ir^^._jr-^\ 



tRHCP 



tCAH 

■* »- 



tASO, 



twCH 



t wcs . 



JDH, 



:^: 



.^RSH. 



tCAS 



>^ 



tRP 



/ 



N 

tCRP 



tCAH 

-* »»■ 



^^^>c:^3^cs>^Go^^ 



twCH 



twp» 



tWH 



'. ///////////. 



HiQh-Z 



^^ 
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Section 7 
MOS Mask ROM 
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32768-word x 8-bit CMOS Mask Programmable Read Only Memory 



The HN623257P/F is a 256-kbit CMOS mask-programmable 
ROM organized as 32768 words by 8 bits. Realizing low power 
consumption, this memory is allowed for battery operation. 

Features 

• Single +5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Address Access Time: 150ns (Max.) 

• Low Power Consumption: lOOmW (typ.) active 

5juW (typ.) standby 

• Byte-Wide Data Organization 

Block Diagram 



Address 
Buffer 



Memory 
Array 



3-state 
Output 
Buffer 



[> 



Absolute Maximum Ratings 



Item 


Symbol 


Ratmg 


Unit 


Power Supply Voltage * 1 


Vcc 


-0.3 to +7 


V 


All Input or Output Voltage* 1 


Vt 


-0.3 to Vcc + 0.3 


V 


Operating Temperature Range 


Topr 


-20 to +75 


°C 


Storage Temperature Range 


Tstg 


-55 to ^125 


°C 


Temperature Under Bias 


Tbias 


-20 to +85 


'C 



Note) * 1 With respect to Vss 



HN623257P 




HN623257F 




Pin Arrangement 
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HN623257P, HN623257F 



Recommended Operating Conditions (Vgs = OV, Ta = -20 to +75°C) 

Parameter Symbol min typ max Unit 



Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlH 


2.2 


— 


Vcc + 0.3 


V 


ViL 


-0.3 


- 


0.8 


V 



DC Electrical Characteristics (Vcc = 5V ±10%, Vgs = OV, Ta = -20 to +75 C) 

Parameter Symbol min max Unit Test Condition 



Active 


Ice 


— 


45 


mA 


Vcc -5.5V, lDOUT = 0mA,tRc = min 


Standby 


ISB 


- 


30 


/^A 


Vcc = 5.5V,CE^Vcc-0.2V 


Input Leakage Current 


IIliI 


- 


10 


mA 


Vin = to 5.5V 


Output Leakage Current 


llul 


- 


10 


mA 


CE = 2.2V, VouT-OtoVcc 


Output Voltage 


VOH 


2.4 


- 


V 


IoH=-205/iA 


Vol 


- 


0.4 


V 


IoL= 3.2mA 



Capacitance (Vcc = 5V ±10%, Vgs = OV, Ta = 25'^C, Vin = OV, f = 1 MHz) 

Parameter Symbol min max Unit 



Input Capacitance 



Cin 



10 



pF 



Output Capacitance 



Cout 



15 



pF 



Note) This parameter is sampled and not 100% tested 

AC Electrical Characteristics 

(Vcc = 5V ± 10%, Vss = OV, Ta = -20 to +75°C) 
Test Condition 

• Input Pulse Level 0.8 to 2.4V 

• Input and Output Timing Reference Level 1.5V 

• Input Rise and Fall Time 10ns 

• Output Load 1 TTL gate + Cl = lOOpF 

(including jig capacitance) 





Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 




tRC 


150 


— 


ns 


Address Access Time 




tAA 


- 


150 


ns 


CE Access Time 




tACE 


- 


150 


ns 


CE to Output in Low Z 




tCLZ 


10 


- 


ns 


Output Hold Time from Address Change 


tDHA 





- 


ns 


CE to Output in High Z*i 




tCHZ 


- 


70 


ns 


Output Hold Time from CE 




tDHC 





- 


ns 


OE Access Time 




tOE 


- 


100 


ns 


OE to Output in Low Z 




tOLZ 


10 


— 


ns 


OE to Output in High Z*i 




tOHZ 


- 


70 


ns 


Output Hold Time from OE 




tDHO 





~ 


ns 




Note) * 1. tcHZ ^^^ toHZ define the time at which the output goes to the high impedance state and is not referenced to 
output voltage levels. 
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HN623257P, HN623257F- 
Timing Diagram 





^«<^ 
















) 


Address j 


( 












/ 

\ 








tAA 




























toHA 


CE 


\ 


/ 


/ 








tACB 


/ 


tcHZ 




tcLZ 




,... 


-*- 




\ 


( 




OE 
Dout 




\ 

High-Z 






High-Z 


^ toE 




-^ 


toHZ 


^ ^''" »^ 




toHO 


^*— 




m 




Valid 
Data 


\ 
/ 


^ 



























Notes) 1 . The time at which the data output becomes invalid is defined by tpHA' ^dhC °r toHO' whichever occurs 
first. 

2. The time at which the data output becomes valid is defined by ty^A» ^ace ^^ toE» whichever occurs last, 

3. The time at which the data output becomes invalid from the high impedance state is defined by tcLZ or 
^OLZ' whichever occurs last. 
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HN623258P, HN623258F - 

32768-Word x 8-Bit CMOS Mask Programmable ROM 



HN623258P/F is a 256-Kbit CMOS mask-programable ROM 
organized as 32768-word x 8-bit. It can be operated with a battery 
because of low power consumption. 



Features 

• Low power: Active 100 mW (typ), Standby 5 )j.W (typ) 

• Add res access time: 200 ns (max) 

• Single 5 V 

• TTL compatible 

• Wired OR Is permitted for the output In three states 



Block Diagram 





HN623258F 




(FP-28DA) 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Power supply voltage*^ 


Vcc 


-0.3 to +7.0 


V 


Terminal voltage*^ 


Vt 


-0.3 to Vcc +0.3 


V 


Operating temperature 


Topr 


to +70 


«c 


Storage temperature 


Tstg 


-55 to +125 


«c 


Bias temperature 


Tbias 


-20 to +85 


°c 



Pin Arrangement 



Note: *1. With respect to Vss. 



Recommended Operating Conditions 

(Vss = 0V,Ta = 0to+70X) 



Item Symbol 


Min 


Typ 


Max Unit 


Power supply voltage Vcc 


4.5 


5.0 


5.5 V 


T.I, ^^ 


2.2 


— 


Vcc + 0.3 V 


Input voltage ^ 


-0.3 


— 


0.8 V 



Nc[T 


\^ 


^Vcc 


A12[2 




27|a14 


A7E 




gjAia 


ASQ 




25] A8 


A5[T 




24] A9 


A4[T 




§]aii 


A3 [7 




22|0E 


A2[I 




S]aio 


Al(T 




^^ 


AoQo 




lijD7 


Do[n 




li|D6 


DlQi 




13 D5 


D2[l3 




16|d4 


V«[l4 




15] D3 




(Top View) 
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HN623258P, HN623258F 



DC Characteristics (Vcc = 5 V ± 10%, 


VSS = OV,Ta = 


:0tO+70^C) 


Item 




Symbol 


Min 


Max 


Unit 


Test Conditions 


Power supply current 


Active 


Ice 


— 


45 


mA 


Vcc = 5.5 V, Idout = mA, tRc = min 


Standby 


ISB 


— 


30 


^A 


Vcc = 5.5 V,CE> Vcc -0.2 V 


Input leak current 




IIliI 


— 


10 


^A 


ViN = 0to5.5V 


Output leak current 




IIloI 


— 


10 


^A 


CE = 2.2V,VouT = 0toVcc 


Output voltage 




VOH 


2.4 


— 


V 


loH = -205 mA 


Vol 


— 


0.4 


V 


IoL = 3.2 mA 



Capacitance (Vcc = 5 V ± 10%, Vss = V, Ta = 25^C, Vin = V, f = 1 MHz) 



Item 


Symbol 


Min 


Max 


Unit 


Input capacity 


Cin 


— 


10 


pF 


Output capacity 


Cout 


— 


15 


pF 



Note: This parameter is samples and not 100% tested. 



AC Operating Characteristics (Vcc = 
Test Condition 

Input pulse level: 0.8 to 2.4V 

I/O timing reference level: 1 .5 V 
Input rise/fall time: 10 ns 



5 V ± 10%, VSS = V, Ta = to +70^C) 



Output load: 



1 TTL gate + Cl = 1 00 pF 
(including jig capacitance) 



Item 


Symbol 


Min 


Max 


Unit 


Cycle time 


tRC 


200 


— 


ns 


Address access time 


tAA 


— 


200 


ns 


CE access time 


tACE 


— 


200 


ns 


CE to Output in Low Z 


tCLZ 


10 


— 


ns 


Output Holt Time from Address 


Change toHA 





— 


ns 


CE to Output in High Z** 


tCHZ 


— 


70 


ns 


Output Hold Time from CE 


tDHC 





— 


ns 


OE access time 


tOE 


— 


100 


ns 


OE to Output in Low Z 


tOLZ 


10 


— 


ns 


OE to Output in High Z'^ 


tOHZ 


— 


70 


ns 


Output Hold Time from OE 


tDHO 





— 


ns 



Note: * 1 tCHZ and tOHZ define the time at which the output goes to the high impedance state and is not referenced to output voltage levels . 
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HN623258P, HN623258F 



Timing Waveform 





'-c 












) 


Address - 


/ 
\ 








/ 

V 








Iaa 




















— 




ImA 


CE 


\ 


v_ 












tACt 




/ 


^ 'CKX ^ 


ICLt 




^ 


^ 




\ 


I 




OE 


High-Z 






High-Z 


-m '<" 






, t^ _ 


ioLZ 




Into 






m 


/ 
\ 


Valid N 

/ 


% 


















1 


1 



Notes: 1. IDHA, tDHC, tDHO; Detemiined by whichever is faster. 

2. IAA, tACE, tOE; Determined by whichever is slower. 

3. tCLZ, tOLZ; Determined by whichever is slower. 
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HN62321 Series 
HN62331 Series 



131072-Word X 8-Bit CI\/IOS Masic Programmable ROM 

HN62321 . HN62331 Series is a 1 -Mbit CMOS mask-programable 
ROM organized as 131 072 -word x 8-Bit. It can be operated with a 
battery because of low power consumption. The large capacity of 1 M 
bits is optimum for a kanji character generator. 



Features 

• Single 5 V 

• Wired OR is permitted for the output in three states 

• TTL compatible 

• Address access time: 120/150/200 ns (max) 

• Low power: Active 100 mW (typ), 

Standby 5 ^iW (typ) 

• Byte-Wide Data Organization 



Pin Arrangement 



Ordering Information 



Type No. 


Address Access Time 


Package 


HN62321P 


150 ns 


600 mil 


HN62321BP 


200 ns 


28-pin 


HN62331P 


120 ns 


plastic DIP 


HN62321F 


150 ns 




HN62321BF 


200 ns 


28-pin 


HN62331F 


120 ns 


plastic SOP 









AlsfT 


v-^ 


"isl Vcc 


A12|T 




]7]a14 


.[T 




"26]a13 


AefT 




IsJAS 


A5[ 5 




^A9 


A4fT 




IsIaii 


A3[T" 




ITJAie 


A2[T 




21|A10 


Al|~9~ 




^CE 


Ao[lO^ 




T9]d7 


DoQT 




17] D6 


Dl|l2 




ITJDS 


D2|1i3" 




16[D4 


VssflT 




l5]D3 




(Top View) 





Blocic Diagram 



AO-^ 




^ 




^ 




-*- DO 








i 


Address 
Buffer 




Memory 
Array 




3-State 
Output 
Buffer 


i 


Ale-*- 




-*" 




-*" 




-•►D7 




i 




I 


1 


i 


cT-^ 


■^ 
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HN62321 Series, HN62331 Series 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Power supply voltage*^ 


Vcc 


-0.3 to +7.0 


V 


Terminal voltage*^ 


Vt 


-0.3 to Vcc + 0.3 


V 


Operating temperature 


Topr 


to +70 


°C 


Storage temperature 


Tstg 


-55 to +125 


°C 


Bias temperature 


Tbias 


-20 to +85 


°C 



Note: *1. With respect to Vss. 



Recommended Operating Conditions (Vss = V, Ta = to +7Q'^C) 



Item Symbol 




Min 




Typ Max 




Unit 


Power supply voltage Vcc 




4.5 




5.0 5.5 




V 


T„™,v.U.». ^^ 




2.2 




— Vcc + 0.3 




V 


Input voltage 

ViL 




-0.3 




— 0.8 




V 


DC Characteristics (Vcc = 5 V ± 10%, Vss = v, Ta = 


= 0to+70X) 






Item Symbol 


Min 


Max 


Unit 


Test Conditions 




„ , Active Ice 


— 


50 


mA 


Vcc = 5.5V,Idout 


= OmA 


, tRc = Min 


Standby Isb 


— 


30 


^A 


Vcc=5.5V,CE> 


Vcc - 0.2 V 


Input leak current 1 Ili I 


— 


10 


^lA 


ViN = to Vcc 






Output leak current 1 Ilo I 


— 


10 


^A 


GE = 2.2V,VouT = 


■ to Vcc 




2.4 


~ 


V 


loH = -205 ^lA 








— 


0.4 


V 


IoL = 3.2 mA 






Capacitance (Vcc = 5 V ± 10%, Vss = o v, Ta = 


:25X,Vin = 0V,f=lMHz) 






Item Symbol 




Min 


Max 




Unit 


Input capacitance*! Gin 






— 


10 




pF 


Output capacitance*! Gout 






— 


15 




pF 



Note: ♦!. This parameter is sampled and not 100% tested. 
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HN62321 Series, HN62331 Series 



AC Operating Characteristics (Vcc = 5 V ± 10%, Vss = v, Ta = to +70°C) 
Test Conditions 

Input pulse level: 0.8 to 2.4 V Output load: 1 TTL gate + Cl = 1 00 pF 

I/O timing reference level: 1 .5 V (including jig capacitance) 

Input rise/fall time: 1 ns 



Item 


Symbol 


HN62331 


HN62321 


HN62321B 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Cycle time 


tRC 


120 


— 


150 


— 


200 


_ 


ns 


Address access time 


Ua 


— 


120 


— 


150 


— 


200 


ns 


CE access time 


UCE 


— 


120 


_ 


150 


— 


200 


ns 


Output Hold Time from Address 
Change Idha 










_ 







ns 


Output Hold Time from CE 


tDHC 





— 





— 





— 


ns 


CE to Output in High Z 


tCHZ*' 


— 


60 


— 


70 


— 


100 


ns 


CE to Output in Low Z 


tCLZ 


5 


— 


10 


— 


10 


— 


ns 



Note: ♦ 1 tCHZ define the time at which the output goes to the high impedance state and is not referenced to output voltage levels. 



Timing Waveform 



Address / 


* 


tRC ^ 












) 


\ 


/ 
\ 










tAA 














to 


HA 


ce" 


\ 


L 


7 


/ 




tcHZ 


High-Z 




tACE 


— 




*CLZ 




toHC 


— 








High-Z 


ta 


'. Valid Data 




Dout 

















Notes: 1. tDHA, tDHC; Determined by whichever is faster. 
2. tAA, tACE; Determined by whichever is slower. 
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HN62331AP/F 



131,072 X 8-Bit CMOS MASK Programmable Read Only Memory 

■ DESCRIPTION 

The HN62331A is a 1-Mbit CMOS mask-programmable ROM 
organized as 131, 072-words x 8-bits. Realizing low power consump- 
tion, this memory is allowed for battery operation. In addition, the 
HN62331 A, which provides large capacity of 1 M bits, is ideally suited 
for kanji character generators. 

■ FEATURES 

• Single + 5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time 

• Low Power Consumption 



Byte-wide Data Organization 
Pin Compatible with JEDEC 

I ORDERING INFORMATION 



120ns (max.) 

.100mW(typ.) Active 
5/iW (typ.) Standby 



Type No. 


Access Time 


Package 


HN62331AP 


120ns 


600 mil 32 pin 
Plastic DIP 


HN62331AF 


120ns 


32 pin Plastic SOP 



BLOCK DIAGRAM 



AG 



H 



Address 
Buffer 



A16 - 

CE 1>>^ 



Memory 
Array 



3-State 
Output 
Buffer 



OE 



■^ 



^^S^ 



DO 



>} 



D7 




PIN ARRANGEMENT 











NO IZ 


1 


32 


IJvcc 


AieC 


2 


31 


^ NO 


Aisii; 


3 


30 


U NC 


A12D 


4 


29 


U Ai4 


A7C 


5 


28 


DAi3 


AeE 


6 


27 


HAS 


AsC 


7 


26 


H A9 


A4C 


8 


25 


U A11 


A3E 


9 


24 


DOE 


A2C 


10 


23 


HAio 


AlC 


11 


22 


DCE 


AoC 


12 


21 


DD7 


DoE 


13 


20 


3 0e 


DlC 


14 


19 


DD5 


D2E 


15 


18 


IID4 


VssC 


16 


17 


DD3 




(Top View) 
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HN62331AP/F 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 -- +7.0 


V 


1 


All Input and Output Voltage 


Vt 


-3.0 ~ Vcc +0-3 


V 


1 


Operating Temperature Range 


Topr 


~ +70 


°c 




Storage Temperature Range 


^^stg 


-55 - +125 


°c 




Temperature Under Bias 


Tbias 


-20 ~ +85 


°c 





NOTE: 1 . With respect to Vss- 

■ RECOMMENDED OPERATING CONDITIONS (Vss = OV, Ta = ^ 70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlH 


2.4 


— 


Vcc + 0-3 


V 


ViL 


-0.3 


— 


0.45 


V 



■ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, Ta = -^ 


70X) 






Item 


Symbol 


Test Condition 


Min. 


Max. 


Unit 


Supply Current 


Active 


Ice 


Vcc = 5.5V, IDouT = OmA» ^rc = Min. 


— 


50 


mA 


Standby 


ISB 


Vcc = 5.5V, CE > Vcc - 0-2V 


— 


30 


liA 


Input Leakage Current 


HilI 


ViN = ~ Vcc 


— 


10 


liA 


Output Leakage Current 


HolI 


CE = 2.4V, VouT = ^ Vcc 


— 


10 


IjlA 




VOH 


loH = -205^A 


2.4 


— 


V 






Vol 


Iql = 1.6mA 


— 


0.4 


V 
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HN62331AP/F 



■ CAPACITANCE (Vcc = 


= 5V ± 10%, Vss = OV, Ta = 25°C, Vin = 


OV, f = IMHz) 




Item 


Symbol 


Min. 


Max. 


Unit 


Input Capacitance 


CiN 


— 


10 


pF 


Output Capacitance 


Cqut 


- 


15 


pF 



NOTE: * This parameter is sampled and not 100% tested. 

■ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ = -~ 70°C) 



Item 


Symbol 


Min. 


Max. 


Unit 


Read Cycle Time 


tRC 


120 


— 


ns 


Address Access Time 


tAA 


— 


120 


ns 


CE Access Time 


tACE 


— 


120 


ns 


OE Access Time 


toE 


— 


60 


ns 


Output Hold Time From Address Change 


toHA 





— 


ns 


Output Hold Time From CE 


tDHC 





— 


ns 


Output Hold Time From OE 


toHO 





— 


ns 


CE to Output in High Z 


tCHZ* 


— 


60 


ns 


OE to Output in High Z 


tOHZ* 


— 


60 


ns 


CE to Output in Low Z 


tcLZ 


5 


— 


ns 


OE to Output in Low Z 


toLZ 


5 


— 


ns 



NOTE: * tcHZ and toHZ are defined as the time at which the output achieves the open circuit conditions and are not referred to 
output voltage levels. 
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HN62331AP/F 



• Test Conditions 

• Input Pulse Level: 0.45 -- 2.4V 

• Input and Output Timing Reference Level: 1.5V 

■ TiiVliNG WAVEFORIM 



• Input Rise and Fall Time: 10ns 

• Output Load: 1 TTL gate + CL = lOOpF 

(including scope and jig capacitance) 



Address 



CE 



OE 



Dout 



>< 



X 



tRC 



tAA 



tACE 



tCLZ 



X 



HighZ 



tOE 



tOLZ 



>c 



Jf 



tDHC 



tc 



^z 



tOHO 



toHZ 



Valid Data 



tOHA 



IX> 



HighZ 



NOTES: 1. toHA, toHC, Idho; determined by faster. 

2. tAA, tACE, toE; determined by slower. 

3. tcLZ, toLz; determined by slower. 
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HN62331P/F 



131,072 X 8-Bit CMOS MASK Programmable Read Only Memory 

■ DESCRIPTION 

The HN62331 is a 1-Mbit CMOS mask-programmable ROM 
organized as 131, 072-words x 8-bits. Realizing low power consump- 
tion, this memory is allowed for battery operation. In addition, the 
HN62331, which provides large capacity of 1M bits, is ideally suited 
for kanji character generators. 

■ FEATURES 

• Single + 5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time 

• Low Power Consumption 



Byte-wide Data Organization 
Pin Compatible with JEDEC 

I ORDERING INFORMATION 



120ns(max.) 

.100mW(typ.) Active 
5/aW (typ.) Standby 



Type No. 


Access Time 


Package 


HN62331P 


120ns 


600 mil 32 pin 
Plastic DIP 


HN62331F 


120ns 


32 pin Plastic SOP 



BLOCK DIAGRAM 



AO -> 
/ 




■> 




■^ 


3-State 


^ 


Address 
Buffer 




Memory 
Array 




Output 
Buffer 


A16 -> 




■> 




■^ 




r.P — 


<^\ 




t 




t 




■ PIN ARRANGEMENT 










A15L 


1 


28 


^ vcc 


A12C 


2 


27 


D Al4 


A7C 


3 


26 


H Ai3 


AeC 


4 


25 


HAS 


AsC 


5 


24 


DA9 


A4E 


6 


23 


H A11 


AsC 


7 


22 


I]A16 


A2E 


8 


21 


I]Aio 


AlC 


9 


20 


DCE 


Aog 


10 


19 


3 07 


Dod 


11 


18 


3oe 


DlC 


12 


17 


I]D5 


D2C 


13 


16 


DD4 


vssC 


14 


15 


3 D3 




(Top View) 






0HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy • Brisbane, CA 94005-1819 • (415) 589-8300 



1073 



HN62331P/F 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 -- +7.0 


V 


1 


All Input and Output Voltage 


Vt 


-3.0 ~ Vcc +0-3 


V 


1 


Operating Temperature Range 


*opr 


~ +70 


°c 




Storage Temperature Range 


Tst« 


-55 - +125 


°c 




Temperature Under Bias 


Tbias 


-20 -- +85 


°c 





NOTE: 



1 . With respect to Vss- 



RECOMMENDED OPERATING CONDITIONS (Vss = OV, Ta = ~ 70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlH 


2.4 


— 


Vcc + 0.3 


V 


ViL 


-0.3 


— 


0.45 


V 



I DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, Ta = ^ 70°C) 



Item 


Symbol 


Test Condition 


Min. 


Max. 


Unit 


Supply Current 


Active 


Ice 


Vcc = 5.5V, IDouT = 0mA, tRc = Min. 


— 


50 


mA 


Standby 


ISB 


Vcc = 5.5V, CE > Vcc - 0-2V 


— 


30 


M 


Input Leakage Current 


HilI 


ViN = ~ Vcc 


— 


10 


M 


Output Leakage Current 


HolI 


CE = 2.4V, VouT = -- Vcc 


— 


10 


M 




VoH 


loH = -205/tA 


2.4 


— 


V 






Vol 


Iql = 1.6mA 


— 


0.4 


V 
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HN62331P/F 



I CAPACITANCE (Vcc = 5V ± 10%, Vss = OV, Ta = 25°C, Vin = OV, f = IMHz) 



Item 


Symbol 


Min. 


Max. 


Unit 


Input Capacitance 


CiN 


— 


10 


pF 


Output Capacitance 


CoUT 


— 


15 


pF 



NOTE: * This parameter is sampled and not 100% tested. 

■ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ = -- 70°C) 



Item 


Symbol 


Min. 


Max. 


Unit 


Read Cycle Time 


tRC 


120 


— 


ns 


Address Access Time 


tAA 


— 


120 


ns 


CE Access Time 


tACE 


— 


120 


ns 


Output Hold Time From Address Change 


toHA 





— 


ns 


Output Hold Time From CE 


toHC 





— 


ns 


CE to Output in High Z 


tcHZ* 


— 


60 


ns 


CE to Output in Low Z 


tcLZ 


5 


— 


ns 



NOTE: * tcHZ and toHZ are defined as the time at which the output achieves the open circuit conditions and are not referred to 
output voltage levels. 
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HN62331P/F- 



Test Conditions 

• Input Pulse Level: 0.45 - 2.4V 

• Input and Output Timing Reference Level: 1.5V 

I TIIVIING WAVEFORM 



• Input Rise and Fall Time: 10ns 

• Output Load: 1 TTL gate + CL = lOOpF 

(including scope and jig capacitance) 



Address 



CE 



Dout 





<« -^ 


'^ » 


^ 






> 


< % 




^ tAA ^ 
















»un« 


\ 


^ 


p' 


/ 

t ^ 






< UCE 




HZ ^ 






* *^LZ ^ 




















HighZ 


< XX) 


f x/aliH Hat-. ^ A/ N 


HighZ 








\^ Valid Data 


/ 


V\/ 





NOTES: 1 . Idha, Idhc; determined by faster. 
2. tAA, Iace; determined by slower. 
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HN62321 E Series 
HN62331 E Series 



131072-Word X 8-Bit CMOS Mask Programmable ROM 

HN62321E, HN62331E Series is a 1-Mbit CMOS mask- 
programable ROM organized as 131072-word x 8-bit. It can be 
operated with a battery because of low power consumption. The 
large capacity of 1 M bits is optimum for a kanji character generator. 



Features 

Single 5 V 

Wired OR is permitted for the output in three states 

TTL compatible 

Address access time: 1 20/200 ns (max) 

OE access time: 60/1 00ns (max) 

Low power: 1 00 mW (typ) 

Byte-Wide Data Organization 



Pin Arrangement 



Ordering information 



Type No. 


Address Access Time 


Package 


HN62321EP 
HN62331EP 


200 ns 
120 ns 


600 mil 28-pin 
plastic DIP 


HN62321EF 
HN62331EF 


200 ns 
120 ns 


28-pin 
plastic SOP 









AlsfT 


^^ 


Is] Vcr 


A12 2 




"27]a14 


A7 3 




"26]a13 


A6 4 




ISJAS 


A5 5 




ITJAQ 


A4 6 




^All 


A3 7 




]2]a16 


A2 8 




^^AlO 


Al 9 




]o]oE 


AO 10 




lijo? 


DO 11 




Tsjoe 


Dl 12 




ItJds 


D2|l3' 




16]d4 


1^55 [h" 




l5]D3 




(Top View) 





Block Diagram 


















^ 




^ 




-^ DO 


AO-^ 








f 


Address 
Buffer 




Memory 
Array 




3-State 
Output 
Buffer 


i 


A16-^ 












-► D7 


^-{> 


•^o 
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HN62321E Series, HN62331 E Series 



Absolute Maximum Ratings 



Item Symbol Rating 


Unit 


Power supply voltage'^ Vcc -0.3 to +7.0 


V 


Terminal voltage* ' Vt -0.3 to Vcc + 0.3 


V 


Operating temperature Topr to +70 


°c 


Storage temperature Tstg -55 to +125 


°c 


Bias temperature Tbias -20 to +85 


°c 


Note: •!. With respectto Vss. 

Recommended Operating Conditions (Vss = V, Ta = to +70X) 


Item Symbol Min Typ Max 


Unit 


Power supply voltage Vcc 4.5 5.0 5.5 


V 


Vw 2.2 — Vcc + 0.3 


V 


Input voltage ^^ _^3 _ ^g 


V 


DC Characteristics (Vcc = 5 V ± 10%, Vss = V, Ta = to +70X) 


Item Symbol Min Max Unit Test Conditions 


Power supply current Ice — 50 mA Vcc = 5.5 V, Idout: 


= mA, tRC = Min 


Input leak current I Ili 1 — 10 ^lA ViN = OtoVcc 


Output leak current IIloI — 10 jxA OE = 2.2 V, Vout = 


to Vcc 


VoH 2.4 — V IoH=-205nA 


Output voltage ^^^ _ ^^ ^ Iol = 3.2 mA 


Capacitance (Vcc = 5 V ± 10%, Vss = o V, Ta = 25X, Vin = V, f = 1 MHz) 


Item Symbol Min Max 


Unit 


Input capacitance*! Cin — 10 


pF 


Output capacitance*! Cout — 15 


pF 



Note: *i. This parameter is sampled and not 100% tested. 



AC Operating Characteristics (Vcc = 5 V ± 10%, Vss = V, Ta = to +70X) 
Test Conditions 

Input pulse level: 0.8 to 2.4 V Output load: 1 TTL gate + Cl = 1 00 pF 

I/O timing reference level: 1 .5 V (including jig capacitance) 

Input rise/fall time: 10 ns 



Item 


Symbol 


HN62331E 


HN62321E 


Unit 


Min 


Max 


Min 


Max 


Cycle time 


tRC 


120 


— 


200 


— 


ns 


Address access time 


UA 


— 


120 


— 


200 


ns 


OE access time 


tOE 


— 


60 


— 


100 


ns 


Output Hold Time from Address 
Change 


tDHA 












ns 


Output Hold Time from OE 


tDHO 





— 





— 


ns 


OE to Output in High Z 


tOHz'^ 


— 


60 


— 


100 


ns 


OE to Output in Low Z 


tOLZ 


5 


— 


10 


— 


ns 



Note: * 1 tOHZ define the time at which the output goes to the high impedance state and is not referenced to output voltage levels. 
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HN62321E Series, HN62331 E Series 



Timing Waveform 











tRC 




















X 


Address / 


/ 

\ .. 










_». 














toHA 


OE 




\ 


^ 


A 


/ 






High-Z 


tot 




toHZ 




toLZ 




toHO 


-*- 






High-Z 


te 


1 \ 

Valid Data 




Dout 









Notes: 1. tDHA, tDHO; Determined by whichever is faster. 
2. tAA, tOE; Determined by whichever is slower. 
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HN62321 A Series 
HN62331 A Series 



131072-Word X 8-Bit CIVIOS Mask Programmabie ROM 

HN62321A, HN62331A Series is a 1-Mbit CMOS mask- 
programable ROM organized to 131072-word x 8-bit. It can be 
operated with a battery because of low power consumption. The 
large capacity of 1 M bits is optimum for a kanji character generator. 



Features 

• single 5 V 

• Wired OR Is permitted for the output in three states 

• TTL compatible 

• Address access time: 120/150 ns (max) 

• Low power: Active 1 00 mW (typ) 

Standby 5 ^.W (typ) 

• Byte-Wide Data Organization, JEDEC pin arrangement 



Pin Arrangement 



Ordering Information 



Type No. 


Address Access Time 


Package 


HN62321AP 
HN62331AP 


150 ns 
120 ns 


600 mil 32-pin 
plastic DIP 


HN62321AF 
HN62331AF 


150 ns 
120 ns 


32-pin 
plastic SOP 









NC\2 


T-^^^ 


DVcc 


A16Q 


2 31 


;^NC 


A15Q 


3 30 


U'^^ 


M2[I2 


4 29 


;]a14 


A7C 


5 28 


^A13 


ABC 


6 27 


HAS 


A5|I 


7 26 


IlA9 


A4C 


8 25 


ZJaii 


A3|I 


9 24 


Hoe 


A2C 


10 23 


;^Aio 


A'C 


11 22 


3w 


AOC 


12 21 


301 


DO [I 


13 20 


1^06 


DiC 


14 19 


Hds 


02 C 


15 18 


Il04 


Vs,C 


16 17 


I!d3 


(Top View) 



Blocl( Diagram 



A16- 



CE 



-^> 



Address 
Buffer 



OE 



^ 



Memory 
Array 



3-State 
Output 
Buffer 



;=CH 
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HN62321A Series, HN62331 A Series 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Power supply voltage*' 


Vcc 


-0.3 to +7.0 


V 


Terminal voltage*' 


Vt 


-0.3 to Vcc + 0.3 


V 


Operating temperature 


Topr 


to +70 


^'C 


Storage temperature 


Tstg 


-55 to +125 


°c 


Bias temperature 


Tbias 


-20 to +85 


*>c 



Note: •!. With respect to Vss. 



Recommended Operating Conditions (Vss = V, Ta = to +70^C) 



Item 


Symbol 




Min Typ Max 




Unit 


Power supply voltage 


Vcc 




4.5 5.0 5.5 




V 




Vw 




2.2 — Vcc+ 0.3 




V 


Input voltage 


ViL 




-0.3 — 0.8 




V 


DC Characteristics (Vcc = 5 V ± 10%, Vss = V, Ta = to +70X) 


Item 


Symbol 


Min 


Max Unit Test Conditions 




„ , Active 


Ice 


— 


50 mA Vcc=5.5V,Idout = 


= OmA 


, tRc = Min 


^^ ' Standby 


ISB 


— 


30 ^lA Vcc = 5.5 V. CE > Vcc -0.2 V 


Input leak current 


IIliI 


— 


10 ^lA ViN = OtoVcc 






Output leak current 


IIloI 


— 


10 ^A CE = 2.2V,VouT = 


to Vcc 


Output voltage 


VOH 


2.4 


— V loH = -205 mA 






Vol 


— 


0.4 V IoL = 3.2 mA 






Capacitance (Vcc = 5 V ± 10%, Vss = V, Ta = 


:25X,Vin = 0V,f=lMHz) 






Item 


Symbol 




Min Max 




Unit 


Input capacitance*! 


Cin 




— 10 




pF 


Output capacitance*! 


Gout 




- 15 




pF 



Note: *!. This parameter is sampled and not 100% tested. 
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HN62321A Series, HN62331 A Series 

AC Operating Characteristics (Vcc = 5 V ± 10%, Vss = V, Ta = 
Test Conditions 

Input pulse level: 0.8 to 2.4 V Output load: 

I/O timing reference level: 1 .5 V 
Input rise/fall time: 1 ns 



0to+70X) 



1 TTLgate + CL= 100 pF 
(including jig capacitance) 



Item 


Symbol 


HN62331A 


HN62321A 


Unit 


Min 


Max 


Min 


Max 


Cycle time 


tRC 


120 


— 


150 


— 


ns 


Address access time 


Ua 


— 


120 


— 


150 


ns 


CE access time 


tACE 


— 


120 


— 


150 


ns 


OE access time 


tOE 


— 


60 


— 


70 


ns 


Output Hold Time from Address 


Change toHA 





— 





— 


ns 


Output Hold Time from CE 


tDHC 





— 





— 


ns 


Output Hold Time fromOE 


tDHO 





— 





— 


ns 


CE to Input in High Z 


tCHZ*^ 


— 


60 


— 


70 


ns 


OE to Input in High Z 


tOHZ*^ 


— 


60 


— 


70 


ns 


CE to Output in Low Z 


tCLZ 


5 


— 


10 


— 


ns 


OE to Output in Low Z 


tOLZ 


5 


- 


10 


- 


ns 



Note: * 1 . tCHZ and tOHZ define the time at which the output goes to the high impedance state and is not referenced to output voltage levels. 



Timing Waveform 





Uc 








Address 7 




)f 


/ 
\ 






1 t.A 


J. 

7 


^ toH. 










CE 


\ 


\ 


tcHZ 






t«E 


i 

1 


tcLZ 




toHC 


— 








OE 


\ 


\ 


/ 

toHZ 




High-Z 


toE 






, toLZ ^ 




toHO 


-i- 




High-Z 




7 \ 

'. Valid Data ' 




Dout 


















1 1 



Notes: 1. tDHA, tDHC. tDHO; Determined by whichever is faster. 

2. tAA, tACE, tOE; Determined by whichever is slower. 

3. tcxz, tOLZ; Determined by whichever is slower. 



1082 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HN6241 2 Series 
HN62422 Series 



131072-Word X 16-Bit/262144-Word x 8-Bit CI\/IOS Mask Programmable ROM 

HN6241 2, HN62422 Series is a 2-Mbit CMOS mask-prog ramable 
ROM organized either as 1 31 072-word x 1 6-bit or as 2621 44-word 
X 8-bit. It can be operated with a battery because of low power 
consumption. The large capacity of 2M bits is optimum for a kanji 
character generator. 



Features 

• Single 5 V 

• Wired OR Is permitted for the output in three states 

• TTL compatible 

• Address access time: 150/200 ns (max) 

• Low power: Active 1 00 mW (typ) 

Standby 5 ^W (typ) 

• Byte-Wide or Word-Wide Data Organization (switched by BHE 
terminal) 



Ordering Information 



Type No. 


Address Access Time 


Package 


HN62412P 
HN62422P 


200 ns 
150 ns 


600 mil 40-pin 
plastic DIP 


HN62412FP 
HN62422FP 


200 ns 
150 ns 


44-pin 
plastic QFP 



Pin Arrangement 








HN62412P, HN62422P 




NCCZ 


1 40 


Z]A8 


A7CI 


2 39 


r]A9 


AelH 


3 38 


JAIO 


A5[Z 


4 37 


^Ml 


A4(Z 


5 36 


Z1A12 


A3[Z 


6 35 


|A13 


A2CI 


7 34 


Z]A14 


Aid 


8 33 


Z]A15 


AOC 


9 32 


^A16 


ceC 


10 31 


IDbhe 


Vssd 


11 30 


znvss 


oeI 

Dod 


12 29 

13 28 


■"1015/ 

z;(A-i) 

Z]D7 


D8[Z 


14 27 


Z3d14 


DlC 


15 26 


Z]D6 


D9IZ 


16 25 


IHdis 


D2^ 


17 24 


ZlD5 


DIO [^ 


18 23 


]d12 


D3C 


19 22 


Z1D4 


Dll (^ 


20 21 


I] Vcc 




(Top View) 




HN62412FP, HN62422FP 




5^:€5^z^5i55 




1 1 II II II II II 




A3 
A2 
A1 
AO 
CE 


- 


/■^tcocvjr-ooioor^coir)-* 

2 32 

3 31 

4 30 

5 29 




A13 
A14 
A15 
A16 
BHE 


NC 
Vss 
OE 


- 


6 28 

7 27 

8 26 




NC 
Vss 
D15/A-1 


2 

D1 


k 


9 25 

10 f 24 

11 23 

CJCO^iDtOr^OOCTJO^CVJ 




D7 

D14 

D6 




1 1 1 1 1 1 1 1 1 1 M 






CT)CMOC0t-0 o^cvjuico 
Q Q -> Q Q 




(Top View) 
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HN6241 2 Series, HN62422 Series 



Block Diagram 



Address 
Buffer 




Memory 
Array 




Hex/ 
Byte 




3-State 
Output 
Buffer 



-*D15/(D7) 



CE-t>0- 

BHE [5^ 

(A-D* 

OE 



i^ 



fO 



c^ 



BHE= Vm: 16bits (D15-D0) 

BHE= Vil: 8bits(D7-D0) 

*1 A-1 is least significant address input, and D14-D8 are of high impedance. 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Power supply voltage*^ 


Vcc 


-0.3 to +7.0 


V 


Terminal voltage*^ 


Vt 


-0.3 to Vcc + 0.3 


V 


Operating temperature 


Topr 


to +70 


°c 


Storage temperature 


Tstg 


-55 to +125 


°c 


Bias temperature 


Tbias 


-20 to +85 


°c 



Note: •!. With respect to Vss 



Recommended Operating Copnditions (Vss = 


= 0V,Ta = 0to+70^C) 








Item Symbol 




Min 




Typ 


Max 






Unit 


Power supply voltage Vcc 




4.5 




5.0 


5.5 






V 






2.2 




— 


Vcc + 0.3 






V 


Vil 




-0.3 




— 


0.8 






V 


DC Characteristics (Vcc = 5 V ± 10%, 


Vss = OV,Ta = 


0to+70X) 










Item Symbol 


Min 


Max 


Unit 




Test Conditions 




Active Ice 


— 


50 


mA 


Vcc = 


= 5.5V,Idout: 


= OmA, 


tRc = Min 


Power supply current g^^^^^ j^^ 


— 


30 


^A 


Vcc = 


= 5.5 V, CE> Vcc - 


-0.2 V 


Input leak current 1 Ili I 


— 


10 


^A 


VlN = 


:0 to Vcc 








Output leak current 1 Ilo I 


— 


10 


|xA 


CE = 


2.2V,VouT = 


Oto 


Vcc 




2.4 


— 


V 


l0H = 


-205 mA 








Vol 


— 


0.4 


V 


l0L = 


1.6 mA 
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HN6241 2 Series, HN62422 Series 



Capacitance (VCC = 5 V ± 10%, vss = O V, Ta = 25X, Vin = V, f = l MHz) 




Item Symbol Min Max 


Unit 


Input capacitance* 1 Cin — 15 


pF 


Output capacitance*! Cout — 15 


pF 



Note: •!. This parameter is sampled and not 100% tested. 



AC Operating Characteristics (Vcc = 5 V ± 10%, Vss = V, Ta = 
Test Conditions 

Input pulse level: 0.8 to 2.4 V Output load: 

I/O timing reference level: 1 .5 V 
Input rise/fall time: 10 ns 



0to+70X) 



1 TTLgate + CL= 100 pF 
(including jig capacitance) 



Item 


Symbol - 




HN62422 




HN62412 


Unit 


Min 


Max 


Min 


Max 


Cycle time 


tRC 


150 





200 





ns 


Address access time 


Ua 





150 





200 


ns 


CE access time 


UCE 





150 





200 


ns 


OE access time 


tOE 


— 


70 


— 


100 


ns 


BHE access time 


tBHE 


— 


150 


— 


200 


ns 


Output Hold Time from Address 
Change 


tDHA 












ns 


Output Hold Time from CE 


tDHC 














ns 


Output Hold Time from OE 


IDHO 





— 





— 


ns 


Output Hold Time from BHE 


tDHB 














ns 


CE to Output in High Z 


tCHZ*^ 


— 


70 


— 


70 


ns 


OE to Output in High Z 


tOHZ*^ 


— 


70 


— 


70 


ns 


BHE to Output in High Z 


tBHZ*^ 


— 


70 


— 


70 


ns 


CE to Output in Low Z 


tCLZ 


10 


— 


10 


— 


ns 


OE to Output in Low Z 


tOLZ 


10 


— 


10 


— 


ns 


BHE to Output in Low Z 


IBLZ 


10 


— 


10 


— 


ns 



Note: * 1 tCH2; tOHZ, and tBHZdefine the time at which the output goes to the high impedance state and is not referenced to output voltage 
level. 
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HN62412 Series, HN62422 Series 



Timing Waveform 

Word i^ode (BHE = "Vih") or Byte IVIode (SHE = "Vil") 



Address / 


titc 












) 


r 

V 




/ 

\ 






'" A 




- 










t0H» 
















CE 


\ 


\ 


/ 






tACt 


7 


tcHl 




•=" J 




toHC 








/ 




oF 




A 


\ 






High-Z 




toe 






1 


toiz 




toHO 






High-Z 


^^?50W 


i 


Valid Data \ 




Douf 




wOw 












1 





Notes: 1. IDHA, tDHC, tDHO; Determined by whichever is faster. 

2, tAA, tACE, tOE; Determined by whichever is slower. 

3. tCLZ, tOLZ; Determined by whichever is slower. 



Switcliing between Word l\/lode and Byte Mode 

























High-Z 


§ 


( ) 


,to„A. 


High-Z 


A-1 










tAA 
















BHE 


\ 


\ 




/ 


/ 








D7~D0 


/ 


mmm 


- Valid Data - 

^ / 


(N 


m 


[ Valid Data 




toHl 




t.Ht 














D15~D8 


\ 

/ 


m 


High-Z 


M 


Valid Data 

\ 




tiU, 


m 




^ t.HZ 





















Notes: 1. CE, OE are of selected status. A16-A0 are fixed. 

2. D15/A-1 terminal is of output state when BHE = Vm, CE and OE are of selected state. 

At this time, an input signal that is of the invene phase to the output should not be impressed. 
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HN62404 Series 
HN62424 Series 



262144-Word x 16-Bit/524288-Word x 8-Bit CI\/IOS iVIasIc Programmabie ROM 



HN62404, HN62424 Series isa4-MbitCMOS mask-programable 
ROM organized either as 262144-word x 1 6-bit or as 524288-word 
X 8-bit. It can be operated with a battery because of low power 
consumption. The large capacity of 4M bits is optimum for a kanji 
character generator. 



Features 

• Single 5 V 

• Wired OR is permitted for the output in three states 

• TTL compatible 

• Address access ccess time: 150/200 ns (max) 

• Low power: Active 1 00 mW (typ) 

Standby 5 )iW (typ) 

• Byte-Wide or Word-Wide Data Organization(switched by BHE 
terminal) 



Ordering Information 



Type No. 


Address Access Time 


Package 


HN62404P 
HN62424P 


200 ns 
150 ns 


600 mil 40-pin 
plastic DIP 


HN62404FP 
HN62424FP 


200 ns 
150 ns 


44-pin 
plastic QFP 



Pin Arrangement 



HN62404. HN62424P 








aitCI 


1 40 


ZlAS 


A7[I 


2 39 


Z1A9 


A6[Z 


3 38 


ZDaio 


ASC 


4 37 


IDaii 


A4[I 


5 36 


Z1A12 


A3C 


6 35 


ZJA13 


A2C 


7 34 


ZJAU 


A.C 


8 33 


II]A15 


AOC 


9 32 


^A16 


ceEI 


10 31 


;^BHE 


v.n. 


11 30 


Z]Vss 


OEd 
D0(Z 


12 29 

13 28 


—1015/ 

ZZ(A-l) 
Z1d7 


D8(Z 


14 27 


Z|d14 


mC 


15 26 


ZID6 


DsC 


16 25 


Z]d13 


D2C 


17 24 


ZlD5 


DIOQ 


18 23 


"~1d12 


D3[I 


19 22 


Z]D4 


Dll [^ 


20 21 


Zl Vcc 




(Top View) 




HN62404FP, HN62424FP 




5:§^:$Sz55i5 


< 


1 1 1 1 1 1 1 1 1 1 1 


1 


1 


A*^ 




^5S5^5§SS?;i^i^J?33 




A13 


A2 
A1 
AO 
CE 
NC 

Vss 
OE 
DO 
D8 
D1 




2 32 

3 31 

4 30 

5 29 

6 28 

7 27 

8 26 

9 25 

10 24 

11 23 




A14 

A15 

A16 

BHE 

NC 

Vss 

D15/A-1 

D7 

D14 

D6 




1 1 1 1 1 1 1 1 i 1 1 1 






ss^sgi^ss^sg 




(Top View) 
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HN62404 Series, HN62424 Series 



Block Diagram 



AO-i^ 




- 




— 




— 




li 


Address 




Memory 




Hex/ 




3-State 


7 


Buffer 




Array 




Byte 




Buffer 


\17-^ 




-^ 




— 




^ 





-i-DO 



-^D15/(D7) 



CE-[>0 i- 

BHE \;^ 



(A-D* 
OE 



i^ 



pd 



1>- 



BHE= Vm: 16bils(D15-D0) 

BHE= Vil: 8bits(D7-D0) 

*1: A-1 is least significant address input, and D14-D8 are of high impedance. 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Power supply voltage*^ 


Vcc 


-0.3 to +7.0 


V 


Temiinal voltage*^ 


Vt 


-0.3 to Vcc + 0.3 


V 


Operating temperature 


Topr 


to +70 


°c 


Storage temperature 


Tstg 


-55 to +125 


°c 


Bias temperature 


Tbias 


-20 to +85 


'^C 



Note: *l. With respect to Vss. 



Recommended Operating Conditions (Vss = 


: V, Ta 


= 0to+70^C) 




Item Symbol 




Min 


Typ 


Max Unit 


Power supply voltage Vcc 




4.5 


5.0 


5.5 V 






2.2 


— 


Vcc + 0.3 V 






-0.3 


— 


0.8 V 


DC Characteristics (Vcc = 5 V ± 10%, 


Vss = OV,Ta = 


0to+70X) 




Item Symbol 


Min 


Max 


Unit 


Test Conditions 


Active Ice 


— 


50 


mA Vcc : 


= 5.5 V, Idout = mA, tRc = Min 


lower supply cuiient gtandby Isb 


— 


30 


^lA Vcc = 


= 5.5 V,CE> Vcc -0.2 V 


Input leak current 1 Ili I 


— 


10 


|iA ViN = 


: to Vcc 


Output leak current 1 Ilo I 


— 


10 


|j.A CE = 


2.2V,VouT = 0toVcc 


VoH 


2.4 


— 


V l0H = 


-205 mA 




— 


0.4 


V l0L = 


1.6 mA 
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HN62404 Series, HN62424 Series 



Capacitance (Vcc = 5 V ± 10%, Vss = O V, Ta = 25X, Vin = V, f = 1 MHz) 






Item Symbol Min Max 


Unit 




Input capacitance*! Cin — 15 


pF 




Output capacitance*! Cout — 15 


pF 





Note: ♦!. This parameter is sampled and not 100% tested. 



AC Operating Characteristics (Vcc = 5 V ± 10%, Vss = V, Ta = to +70X) 
Test Conditions 

Input pulse level: 0.8 to 2.4 V Output load 

I/O timing reference level: 1 .5 V 
Input rise/fall time: 1 ns 



1 TTL gate + Cl = 1 00 pF 
(including jig capacitance) 



Item 


Symbol 




HN62424 




HN62404 


Unit 


Min 


Max 


Min 


Max 


Cycle time 


tRC 


150 


— 


200 


— 


ns 


Address access time 


tAA 


— 


150 


— 


200 


ns 


CE access time 


tACE 


— 


150 


— 


200 


ns 


OE access time 


tOE 


— 


70 


— 


100 


ns 


BHE access time 


tBHE 


— 


150 


— 


200 


ns 


Output Hold Time from Address 
Change 


tDHA 












ns 


Output Hold Time from CE 


tDHC 





— 





— 


ns 


Output Hold Time from OE 


tDHO 





— 





— 


ns 


Output Hold Time from BHE 


tDHB 





— 





— 


ns 


CE to Output in High Z 


tCHZ*^ 


— 


70 


— 


70 


ns 


OE to Output in High Z 


tOHZ*^ 


— 


70 


— 


70 


ns 


BHE to Output in High Z 


tBHZ*^ 


— 


70 


— 


70 


ns 


CE to Output in Lx)wZ 


tCLZ 


10 


— 


10 


— 


ns 


OE to Output in Low Z 


tOLZ 


10 


— 


10 


— 


ns 


BHE to Output in Low Z 


tBLZ 


10 


— 


10 


— 


ns 



Note: 



* 1 tCHZ, tOHZ, and IBHZdefine the time at which the output goes to the high impedance state and is not referenced to output voltage 
level. 
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HN62404 Series, HN62424 Series 



Timing Waveform 

Word i\/lode (BHE = "Vih") or Byte IVIode (SHE = "Vil") 



Address / 


toe 










y 


V 




\ 




'" 








~ 




toH* 
















CE 


\ 


\ 


/ 








7 


tcHI 




-1- - 


ten J 




toHC 








/ 




OE 




\ 


\ 






High Z 




tot 


— 




1 
. toH, 


toHO 




High-Z 


mp 


/ Valid Data \ 




Dout 




RioSx) 















Notes: 1. tDHA, tDHC, tDHO; Determined by whichever is faster. 

2. tAA, tACE, tOE; Determined by whichever is slower. 

3. tCLZ, tOLZ; Determined by whichever is slower. 



Switching between Word Mode and Byte ly/lode 

























High-Z 


^ 


( } 


toMA 




High-Z 


A-1 










t«A 
















BHE 


\ 


\ 




/ 


/ 








D7~D0 


1 


pwffl 


/ \ 
Valid Data - 

^ _ / 


yy\ 


m 


Valid Data 

\ 




toHB 




t,„r 














D15~D8 


\ 
/ 




High-Z 


m 


Valid Data 

\ 








tsMZ 


1 





















Notes: 1. CE, OE are of selected status. A17-A0 are fixed. 

2. D15/A-1 terminal is of output state when BHE = Vw, CE and OE are of selected state. 

At this time, an input signal that is of the inverse phase to the output should not be impressed. 
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HN62304B Series 
HN62324B Series 



524288-Word x 8-Bit CI\/IOS Mask Programmable ROIVI 

HN62304B, HN62324B Series is a 4-Mbit CMOS mask- 
programable ROM organized as 524288-word x 8-bits. It can be 
operated with a battery because of low power consumption. The 
large capacity of 4M bits is optimum for a kanji character generator. 



Features 

• Single 5 V 

• Wired OR is permitted for the output in three states 

• TTL compatible 

• Address access time: 150/200 ns (max.) 

• Low power: Active 1 00 mW (typ) 

Standby 5 ^iW (typ) 

• Byte-Wide Data Organization 



Pin Arrangement 



Ordering Information 



Type No. 


Address Access Time 


Package 


HN62304BP 
HN62324BP 


200 ns 
150 ns 


600 mil 32-pin 
plastic DIP 


HN62304BF 
HN62324BF 


200 ns 
150 ns 


32-pin 
plastic SOP 




Block Diagram 
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HN62304B Series, HN62324B Series 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Power supply voltage*^ 


Vcc 


-0.3 to +7.0 


V 


Terminal voltage*^ 


Vt 


-0.3 to Vcc + 0.3 


V 


Operating temperature 


Topr 


to +70 


°c 


Storage temperature 


Tstg 


-55 to +125 


°c 


Bias temperature 


Tbias 


-20 to +85 


°c 



Note: 



With respect to Vss. 



Recommended Operating Conditions (Vss = 


= 0V,Ta = 0to+70^C) 






Item Symbol 




Min 




Typ Max 




Unit 


Power supply voltage Vcc 




4.5 




5.0 5.5 




V 


Lmutvlu ^^ 




2.2 




— Vcc + 0.3 




V 


input voltage . , 




-0.3 




— 0.8 




V 


DC Characteristics (Vcc = 5 V ± 10%, Vss = o V, Ta = 


= 0to+70°C) 






Item Symbol 


Min 


Max 


Unit 


Test Conditions 


_, , Active Ice 


— 


50 


mA 


Vcc = 5.5V,Idout: 


= mA, tRC = Min 


Standby Isb 


— 


30 


^A 


Vcc = 5.5 V, GE> Vcc - 


-0.2 V 


Input leak current 1 Ili I 


— 


10 


^A 


ViN = to Vcc 






Output leak current 1 Ilo I 


— 


10 


^A 


CE = 2.2V,VouT = 


Oto 


Vcc 


VOH 


2.4 


— 


V 


loH = -205 |jA 






Output voltage ^ 


— 


0.4 


V 


loL = 1 .6 mA 






Capacitance (Vcc = 5 V ± 10%, Vss = V, Ta = 


= 25X, 


Vin = OV,f=lMHz) 






Item Symbol 




] 


Min 


Max 




Unit 


Input capacitance*! Gin 






— 


15 




pF 


Output capacitance*! Gout 






— 


15 




PF 



Note: 



This parameter is sampled and not 100% tested. 



1092 



Hitachi America, Ltd. 



^HITACHI 

► Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



-HN62304B Series, HN62324B Series 



AC Operating Characteristics (Vcc = 5 V ± 10%, Vss = V, Ta = to +70X) 
Test Conditions 

Input pulse level: 0.8 to 2.4 V Output load: 

I/O timing reference level: 1 .5 V 
Input rise/fall time: 1 ns 



1 TTL gate + Cl = 1 00 pF 
(including jig capacitance) 



Item 


Symbol 


HN62324B 


HN62304B 


Unit 


Min 


Max 


Min 


Max 


Cycle time 


tRC 


150 


— 


200 


— 


ns 


Address access time 


Ua 


— 


150 


— 


200 


ns 


CE access time 


tACE 


— 


150 


— 


200 


ns 


OE access time 


tOE 


— 


70 


— 


100 


ns 


Output Hold Time from Address 
Change 


tDHA 












ns 


Output Hold Time from CE 


tDHC 





— 





— 


ns 


Output Hold Time from OE 


tDHO 





— 





— 


ns 


CE to Output in High Z 


tCHZ*^ 


— 


70 


— 


70 


ns 


OE to Output in High Z 


tOHZ*^ 


— 


70 


— 


70 


ns 


CE to Output in Lx)w Z 


tCLZ 


10 


— 


10 


— 


ns 


OE to Output in Low Z 


tOLZ 


10 


— 


10 


— 


ns 



Note: * 1 tCHZ and tOHZ define the time at which the output goes to the high impedance state and is not referenced to output voltage level. 
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HN62304B Series, HN62324B Series 



Timing Waveform 





/« 
















\ 
/ 


( 


Address 


/ 
\ 














tA» 






















-* 




1 tMA 


CE 


\ 


; 


/ 








_^ tACt 


/ 


^ tcHi 


Ul? 






*- 




\ 


/ 




OE 


Hight-Z 






High-Z 


-m '"* 






^ loHZ 


-* '"'■' » 






*_ 




■ 


/ 
\ 


Valid \ 
Data i 

/ 















Notes; 1. tDHA, tDHC, tDHO; Detennmed by whichever is faster. 

2. tAA, tACE, tOE; Determined by whichever is slower. 

3. tCLZ, toi^; Detennined by whichever is slower. 
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HN62444 Series- 



Preliminary 



262,144 X 16-Bit/524,288 x 8-Bit CI\/IOS MASK Programmable 
Read Only Memory 

■ DESCRIPTION 

The HN62444 is a 4-Mbit CMOS mask-programmable ROM orga- 
nized either as 262,144 words by 16 bits or as 524,288 words by 8 
bits. Realizing low power consumption, this memory is allowed for 
battery operation. In addition, the HN62444, which provides large 
capacity of 4M bits, is ideally suited for kanji character generators. 

■ FEATURES 

• Single +5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time 100ns (max.) 

• Low Power Consumption 150mW (typ.) Active 

5fi\N (typ.) Standby 

• Byte-wide or Word-wide Data Organization with SHE 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HN62444P 


100ns 


600 mil 40 pin 
Plastic DIP 


HN62444FP 


100ns 


44 pin Plastic QFP 


HN62444F 


100ns 


48 pin Plastic SOP 



BLOCK DIAGRAM 




AG 



^ 



A17- 



Address 
Buffer 



CF boX 



CE 
BHE 

(A-ir 
OE 



Memory 
Array 



Hex/ 
Byte 



TT 



-^ 



^- 



3-State 
Output 
Buffer 



F^=^ 



>- 



DO 

D15 
/(D7) 




BHE = Vjh; 16-bit (D,5 ~ Dq) 

BHE = Vjl; 8-bit (D7 ~ Dq) 

* A-1 is least significant address. When BHE is "low", 0,4 ~ Dg goes the high impedance state. 
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HN62444 Series 



PIN ARRANGEMENT 



HN62444P 


A17C 


1 


40 


DAB 


atC 


2 


39 


DA9 


AeC 


3 


38 


I|Aio 


AsC 


4 


37 


I]A11 


A4C 


5 


36 


I]A12 


AsC 


6 


35 


I]A13 


A2C 


7 


34 


I]A14 


AlC 


8 


33 


I]A15 


AoC 


9 


32 


I]A16 


ceC 


10 


31 


H BHE 


VssC 


11 


30 


U vss 


oeC 


12 


29 


U D15/A-I 


DoC 


13 


28 


DD7 


DsC 


14 


27 


I]D14 


DlC 


15 


26 


JD6 


D9C 


16 


25 


UD13 


D2C 


17 


24 


3 05 


D10C 


18 


23 


I]D12 


D3C 


19 


22 


IID4 


D11 c 


20 


21 


U vcc 




(Top View) 







HN62444F 




NC C. 


1 


48 


Z\ NC 


A17E 


2 


47 


DA8 


A7C 


3 


46 


I]A9 


AeC 


4 


45 


HAio 


AsC 


5 


44 


Hah 


A4C 


6 


43 


I|A12 


AsC 


7 


42 


IjAis 


A2C 


8 


41 


I]A14 


AlC 


9 


40 


I]Ai5 


AoC 


10 


39 


I]A16 


NC [Z 


11 


38 


H NC 


NC H 


12 


37 


H NC 


NC \Z 


13 


36 


H NC 


ceC 


14 


35 


U BHE 


VssC 


15 


34 


U Vss 


oeC 


16 


33 


H D15/A-I 


DoE 


17 


32 


DD7 


DsC 


18 


31 


I]Di4 


DiC 


19 


30 


DD6 


D9E 


20 


29 


I|Di3 


D2E 


21 


28 


3 05 


D10C 


22 


27 


I]D12 


DsC 


23 


26 


DD4 


D11 [I 


24 


25 


Uvea 




(Top View) 





NOTE: 11-13 pins and 36-38 pins are connected 
to inner lead frame. 



HN62444FP 






A4 A5 A6 A7 A17 NC AS A9 AID All A12 








>/uuuuuuuuuuu 

X 44 43 42 41 40 39 38 37 36 35 34 


^ 




^3 


J 1 


33C 


Al3 


A2 


12 


32 C 


Al4 


A, 


13 


31 C 


Al5 


Ao 


14 


30 c: 


A16 


CE 


15 


29C: 


BHE 


NC 


16 


28C 


NC 


Vss 


D7 


27 C 


Vss 


OE 


J6 


2BL 


D15/A-1 


Do 


39 


25 C 


Dz 


Da 


:io 


24i: 


Dl4 


Di 


:ii 


23C 


Ds 




12 13 14 15 16 17 18 19 20 21 22 

V n n n n n ri n n n n n 


J 






Dg D2 D10 D3 D11 NC Vcc D4 D12 D5 Du 






(Top View) 
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HN62444 Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


1 


All Input and Output Voltage 


Vt 


-0.3 ~ Vcc +0.3 


V 


1 


Operating Temperature Range 


'^opr 


~ +70 


°c 




Storage Temperature Range 


^stg 


-55 -- +125 


°c 




Temperature Under Bias 


Tbias 


-20 ~ +85 


°c 





NOTE: 1 . With respect to Vss- 

■ RECOMMENDED OPERATING CONDITIONS (Vss = OV, Ta = ~ 70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlH 


2.4 


— 


Vcc + 0.3 


V 


ViL 


-0.3 


— 


0.45 


V 



■ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, Ta = - 


70°C) 






Item 


Symbol 


Test Condition 


Min. 


Max. 


Unit 


Supply Current 


Active 


Ice 


Vcc = 5.5V, IDouT = 0mA, tRc = Min. 


- 


70 


mA 


Standby 


ISB 


Vcc = 5.5V, CE > Vcc -0.2V 


— 


30 


^A 


Input Leakage Current 


HilI 


ViN = ~ Vcc 


— 


10 


fiA 


Output Leakage Current 


HolI 


CE = 2.4V, VouT = ~ Vcc 


— 


10 


M 




VoH 


loH = -205).A 


2.4 


— 


V 






Vol 


Iql = 1.6mA 


- 


0.4 


V 



I CAPACITANCE (Vcc = 5V ± 10%, Vss = OV, Ta = 25°C, Vjn = OV, f = IMHz) 



Item 


Symbol 


Min. 


Max. 


Unit 


Input Capacitance 


CiN 


— 


15 


pF 


Output Capacitance 


CoUT 


— 


15 


pF 



NOTE: * This parameter is sampled and not 100% tested. 
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HN62444 Series 



I AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ = ~ 70°C) 



Item 


Symbol 


Min. 


Max. 


Unit 


Read Cycle Time 


tRC 


100 


— 


ns 


Address Access Time 


tAA 


— 


100 


ns 


CE Access Time 


UCE 


— 


100 


ns 


OE Access Time 


tOE 


— 


50 


ns 


BHE Access Time 


tfiHE 


— 


100 


ns 


Output Hold Time From Address Change 


tDHA 





— 


ns 


Output Hold Time From CE 


toHC 





— 


ns 


Output Hold Time From OE 


tOHO 





— 


ns 


Output Hold Time From BHE 


toHB 





— 


ns 


CE to Output in High Z 


tCHZ* 


— 


40 


ns 


OE to Output in High Z 


tOHZ* 


— 


40 


ns 


BHE to Output in High Z 


tBHZ* 


— 


40 


ns 


CE to Output in Low Z 


tCLZ 


5 


— 


ns 


OE to Output in Low Z 


toLZ 


5 


— 


ns 


BHE to Output in Low Z 


tBLZ 


5 


— 


ns 



NOTE: * tcHZ, toHZ and tBHZ are defined as the time at which the output achieves the open circuit conditions and are not referred 
to output voltage levels. 



Test Conditions 

• Input Pulse Level: 0.45 ~ 2.4V 

• Input and Output Timing Reference Level: 1.5V 



' Input Rise and Fall Time: 10ns 

' Output Load: 1 TTL gate + CL = lOOpF 

(including scope and jig capacitance) 
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HN62444 Series 



I TIMING WAVEFORM 
Word Mode (BHE = 'V,h') or Byte Mode (SHE = *V,l') (1) 



Address 



CE 



OE 



Dout 





tRC 


► 






X : 


X 




tAA 




.^ W, tr*. .. 












»unA 


\ 


S. 


?• 








^ tACE 


tDHC- 


HZ ^ 






^ tcLZ ^ 




* ^ 














V 


^toHZ 










tOE 


tOit 






-^ )^ 


tOLZ 


^ ► 






HighZ 


< XX) 


r \l<rk\\A Ro#o ^ 


/V\ 


HighZ 










|s^ vaiia uata 


AA/ 





NOTES: 1. tDHA, tDHC, toHo; determined by faster. 

2. tAA, tACE, toE; determined by slower. 

3. tcLZ, toLz; determined by slower. 

• Word Mode, Byte Mode Switch (2) 



A-1 



BHE 



D7-D0 



D15-D8 



High Z 



^u. 



tAA 



V 



tDHB 



:^ 



tDHA 



HighZ 



Valid 
Data 



j< 



XffiSXX 



ISEX> 



HighZ 



tBHZ 



tBHE 



tBLZ 



mi 



Valid 
Data 




Valid 
Data 



NOTES: 1 . CE and OE are enable An ~ Ao are valid. 

2. D15/A-I pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 
phase to the output must not apply to them. 
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HN62414 Series 



— Preliminary 



262,144 X 16-Bit/524,288 x 8-Bit CMOS MASK Programmable 
Read Only Memory 

■ DESCRIPTION 

The HN62414 is a 4-Mbit CMOS mask-programmable ROM orga- 
nized either as 262,414 words by 16 bits or as 524,288 words by 8 
bits. Realizing low power consumption, this memory is allowed for 
battery operation. In addition, the HN62414, which provides large 
capacity of 4M bits, is ideally suited for kanji character generators. 

■ FEATURES 

• Single + 5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time 170/200ns (max.) 

• Low Power Consumption lOOmW (typ.) Active 

5/aW (typ.) Standby 

• Byte-wide or Word-wide Data Organization with BHE 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HN62414P-17/20 


170/200ns 


600 mil 40 pin 
Plastic DIP 


HN62414FP-17/20 


170/200ns 


44 pin Plastic QFP 


HN62414F-17/20 


170/200ns 


48 pin Plastic SOP 



BLOCK DIAGRAM 




AG 



^ 



A17-> 



Address 
Buffer 



CF boX 



Memory 
Array 



Hex/ 
Byte 



CE >«■ 

BHE —^ 

(A-^ — 15^- 

OE ^ 



3-State 
Output 
Buffer 






DO 

H 

D15 
/(D7) 




BHE = V,h; 16-bit (D,5 ~ Dq) 

BHE = Vil; 8-bit (D7 ~ Dq) 

* A-1 is least significant address. When BHE is "low" 



Dg goes the high impedance state. 
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HN62414 Series 



PIN ARRANGEMENT 





HN62414P 




A17C 


1 


40 


HAS 


AyM 


2 


39 


DA9 


AeS 


3 


38 


H A10 


AsC 


4 


37 


Hah 


A4C 


5 


36 


H A12 


A3M 


6 


35 


U Ai3 


A2a 


7 


34 


I]A14 


AlC 


8 


33 


m A15 


AoC 


9 


32 


IIA16 


ceC 


10 


31 


H BHE 


VssM 


11 


30 


I] vss 


OEC 


12 


29 


H D15/A-I 


DoE 


13 


28 


307 


DsC 


14 


27 


3 D14 


DlC 


15 


26 


DD6 


D9C 


16 


25 


HDis 


D2E 


17 


24 


3 05 


D10C 


18 


23 


I]D12 


D3E 


19 


22 


DD4 


D11 c 


20 


21 


U vcc 


(Top View) 





HN62414F 




NC [Z 


1 


48 


U NC 


A17C 


2 


47 


DAB 


A7C 


3 


46 


DA9 


AeC 


4 


45 


I]Aio 


AsC 


5 


44 


HAh 


A4C 


6 


43 


I]Ai2 


AsC 


7 


42 


H A13 


A2C 


8 


41 


U A14 


AlC 


9 


40 


I]Ai5 


AoC 


10 


39 


I]Ai6 


NC \Z 


11 


38 


3 NC 


NCC 


12 


37 


3 NC 


NC \Z 


13 


36 


Unc 


CEC 


14 


35 


I] BHE 


VssC 


15 


34 


IJvss 


OEr 


16 


33 


□ D15/A-I 


DoC 


17 


32 


HD7 


DsC 


18 


31 


I]D14 


DlC 


19 


30 


DD6 


D9C 


20 


29 


IlDi3 


D2C 


21 


28 


DD5 


D10C 


22 


27 


I|D12 


DsC 


23 


26 


DD4 


D11 c 


24 


25 


H Vcc 




(Top View) 





NOTE: 



11-13 pins and 36-38 pins are connected 
to inner lead frame. 



HN62414FP 


1 




A4 A5 A6 A7A17NC A8 A9A10A11A12 








yuuuuuuuuuuu 

/ 44 43 42 41 40 39 38 37 36 35 34 


^ 




Aa 


: 1 


33 C 


Al3 


Aj 


D2 


32 C 


Al4 


A, 


13 


31 C 


Al5 


Ao 


:4 


30C 


A16 


Cl 


15 


29C 


BHE 


NC 


:6 


28 C 


NC 


Vss 


D7 


27 C 


Vss 


OE 


:8 


2611 


D15/A-1 


Do 


:9 


25 d 


D7 


o> 


Dio 


24 C 


Dl4 


D, 


111 


23C 


De 




12 13 14 15 16 17 18 19 20 21 22 

V nn n n n n n n n n n 


J 






Dg D2 D,o Da D,i NC Vcc D4 D,2 D5 D,3 






(Top View) 
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HN62414 Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


1 


All Input and Output Voltage 


Vt 


-0.3 ^ Vcc +0-3 


V 


1 


Operating Temperature Range 


*opr 


0-- +70 


°C 




Storage Temperature Range 


Tstg 


-55 ~ +125 


°C 




Temperature Under Bias 


Tbias 


-20 ~ +85 


°C 





NOTE: 1 . With respect to Vss- 

■ RECOMMENDED OPERATING CONDITIONS (Vss = OV, T^ = ~ 70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlH 


2.2 


— 


Vcc + 0-3 


V 


ViL 


-0.3 


— 


0.8 


V 



■ DC ELECTRIC 


AL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, Ta = - 


70'*C) 






Item 


Symbol 


Test Condition 


Min. 


Max. 


Unit 


Supply Current 


Active 


Ice 


Vcc = 5.5V, IDouT = 0mA, tRc = Min. 


— 


50 


mA 


Standby 


ISB 


Vcc = 5.5V, CE > Vcc - 0.2V 


- 


30 


/iA 


Input Leakage Current 


HilI 


ViN = ~ Vcc 


— 


10 


M 


Output Leakage Current 


HolI 


CE = 2.2V, VouT = ~ Vcc 


— 


10 


mA 




VOH 


loH = -205^A 


2.4 


— 


V 


wuipui voiiage 




Vol 


Iql = 1.6mA 


- 


0.4 


V 



I CAPACITANCE (Vcc = 5V d= 10%, Vss = OV, T^ = 25°C, Vjn = OV, f = IMHz) 



Item 


Symbol 


Min. 


Max. 


Unit 


Input Capacitance 


CiN 


— 


15 


pF 


Output Capacitance 


CoUT 


— 


15 


pF 



NOTE: * This parameter is sampled and not 100% tested. 
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HN62414 Series 



■ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± ] 


lO%,Vss = 


OV, Ta = ~ 70°C) 






Item 


Symbol 


HN62414-17 


HN62414-20 


Unit 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


170 


— 


200 


— 


ns 


Address Access Time 


tAA 


— 


170 


— 


200 


ns 


CE Access Time 


UCE 


— 


170 


— 


200 


ns 


OE Access Time 


toE 


— 


70 


— 


100 


ns 


BHE Access Time 


tfiHE 


— 


170 


— 


200 


ns 


Output Hold Time From Address Change 


tDHA 





— 





— 


ns 


Output Hold Time From CE 


tDHC 





— 





— 


ns 


Output Hold Time From OE 


^DHO 





— 





— 


ns 


Output Hold Time From BHE 


tDHB 





— 





— 


ns 


CE to Output in High Z 


tCHZ* 


— 


70 




70 


ns 


OE to Output in High Z 


tOHZ* 


— 


70 


_ 


70 


ns 


BHE to Output in High Z 


tBHZ* 


— 


70 


— 


70 


ns 


CE to Output in Low Z 


tCLZ 


10 


— 


10 


— 


ns 


OE to Output in Low Z 


^OLZ 


10 


_ 


10 




ns 


BHE to Output in Low Z 


tfiLZ 


10 


— 


10 




ns 



NOTE: * tcHZ, toHZ and Ibhz are defined as the time at which the output achieves the open circuit conditions and are not referred 
to output voltage levels. 



Test Conditions 

• Input Pulse Level: 0.8 ~ 2.4V 

• Input and Output Timing Reference Level: 1.5V 



• Input Rise and Fall Time: 10ns 

' Output Load: 1 TTL gate + CL = lOOpF 

(including scope and jig capacitance) 
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HN62414 Series 



I TIMING WAVEFORM 
Word Mode (BHE = 'V|h') or Byte Mode (SHE = 'V,l') (1) 



tRC 















Address 


> 


C X 




^ tAA ^ 




-rf-^Jtr^iiA 








^ 




h^-*- 




CE 


\ 


s. 


,^ 






^ tACE 


tDHC- 

7( 


- ^CHZ ^ 






I tcLZ _ 




« ^ 
















OE 


\ 


^ 


f 

^toHZ 










tOE ^ 










tOLZ 














^UnUn^ -^ 




nniit 


HighZ 


<XXX) 


f \I^\\A r\f^krs ^ 


/V\ 


HighZ 












s^ Valid Data 


AA/ 





NOTES: 1. tDHA, tDHC, toHo; determined by faster. 

2. tAA, tACE, toe; determined by slower 

3. tcLZ, toLz; determined by slower. 

• Word Mode, Byte Mode Switch (2) 



A-1 



BHE 



D7-D0 



D15~D8 



HighZ 



■<8^ 



^ tAA 



V 



tOHB 



)^ 



tDHA 



HighZ 



Valid 
Data 




xmxxx 



ism 



HighZ 



tBHZ 



< ^BHE ^ 



tBLZ 



eAAZ Valid" 

xA7^ Data 



NOTES: 1 . CE and OE are enable An - Ao are valid. 

2. D 15/ A-1 pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 
phase to the output must not apply to them. 
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HN62314B Series- 



Preliminary 



524,288 X 8-Bit CI\/IOS MASK Programmable Read Only Memory 

■ DESCRIPTION 

The HN62314B is a 4-Mbit CMOS mask-programmable ROM 
organized as 524,288-words x 8-bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In addition, 
the HN62314B, which provides large capacity of 4M bits, is ideally 
suited for kanji character generators. 

■ FEATURES 

• Single + 5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time 

• Low Power Consumption 



Byte-wide Data Organization 
Pin Compatible with JEDEC 

I ORDERING INFORMATION 



200ns (max.) 

.100mW(typ.) Active 
5fiV\l (typ.) Standby 



Type No. 


Access Time 


Package 


HN62314BP-17/20 


170/200ns 


600 mil 32 pin 
Plastic DIP 


HN62314BF-17/20 


170/200ns 


32 pin Plastic SOP 



BLOCK DIAGRAM 



AG 



i{ 



A18 



Address 
Buffer 



CE 1>> 



t 



Menfiory 
Array 



3-State 
Output 
Buffer 



OE 



^ 



^=^ 



DO 



</ 



D7 




PIN ARRANGEMENT 











NO ]~ 


1 


32 


U vcc 


AieC 


2 


31 


I|A18 


A15C 


3 


30 


H Ai7 


A12C 


4 


29 


I|Ai4 


A7C 


5 


28 


H Ai3 


AeC 


6 


27 


3 As 


AsD 


7 


26 


DA9 


A4C 


8 


25 


HAii 


A3B 


9 


24 


Doe 


A2E 


10 


23 


11 A10 


AlC 


11 


22 


DCE 


AoC 


12 


21 


DD7 


DoC 


13 


20 


3oe 


DlC 


14 


19 


DD5 


D2C 


15 


18 


ZID4 


VssC 


14 


17 


niDs 




(Top View) 






<$^ HITACHI 

Hitachi America, Ltd • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1107 



HN62314B Series 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


1 


All Input and Output Voltage 


Vt 


-3.0 ~ Vcc +0.3 


V 


1 


Operating Temperature Range 


Topr 


~ +70 


°c 




Storage Temperature Range 


^^stg 


-55 ~ +125 


X 




Temperature Under Bias 


Tbias 


-20 ~ +85 


°c 





NOTE: 1 . With respect to Vss- 



■ RECOMMENDED OPERATING CONDITIONS (Vss = OV, Ta = -^ 70°q 






Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


ViH 


2.2 


— 


Vcc + 0.3 


V 


ViL 


-0.3 


— 


0.8 


V 



I DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ = ~ 70°C) 



Item 


Symbol 


Test Condition 


Min. 


Max. 


Unit 


Supply Current 


Active 


Ice 


Vcc = 5.5V IDouT = 0mA, tRc = Min. 


— 


50 


mA 


Standby 


hh 


Vcc = 5.5V, CE > Vcc - 0.2V 


— 


30 


M 


Input Leakage Current 


HilI 


ViN = ~ Vcc 


— 


10 


^A 


Output Leakage Current 


HolI 


CE = 2.2V, VouT = -- Vcc 


— 


10 


IxA 




VOH 


loH = -205/iA 


2.4 


— 


V 






Vol 


Iql = 1.6mA 


— 


0.4 


V 



I CAPACITANCE (Vcc = 5V ± 10%, Vss = OV, T^ = 25°C, Vjn = OV, f = IMHz) 



Item 


Symbol 


Min. 


Max. 


Unit 


Input Capacitance 


CiN 


— 


15 


pF 


Output Capacitance 


CoUT 


— 


15 


pF 



NOTE: * This parameter is sampled and not 100% tested. 

■ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vs 



: OV, Ta = ~ 70°C) 



Item 


Symbol 


HN62314B-17 


HN62314B-20 


Unit 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


170 


— 


200 


— 


ns 


Address Access Time 


tAA 


— 


170 


— 


200 


ns 


CE Access Time 


UCE 


— 


170 


— 


200 


ns 


OE Access Time 


toE 


— 


70 


— 


100 


ns 


Output Hold Time From Address Change 


toHA 





— 





— 


ns 


Output Hold Time From CE 


bHC 





— 





— 


ns 


Output Hold Time From OE 


toHO 





— 





— 


ns 


CE to Output in High Z 


tCHZ* 


— 


70 


— 


70 


ns 


OE to Output in High Z 


toHZ* 


— 


70 


— 


70 


ns 


CE to Output in Low Z 


tCLZ 


10 


— 


10 


— 


ns 


OE to Output in Low Z 


toLZ 


10 


— 


10 


— 


ns 



NOTE: * tcHZ and toHZ are defined as the time at which the output achieves the open circuit conditions and are not referred to 
output voltage levels. 
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HN62314B Series 



• Test Conditions 

• Input Pulse Level: 0.8 ~ 2.4V 

• Input and Output Timing Reference Level: L5V 



• Input Rise and Fall Time: 10ns 

• Output Load: 1 TTL gate + CL = lOOpF 

(including scope and jig capacitance) 



■ TIMING WAVEFORM 










tRC 












Address 


:> 


( ; 


X 




^ tAA 
















»unM 


CE 


\ 


^ 




^^ 






tACE 


tDHC- 


^ tcHZ ^ 






^ tcLZ ^ 




< ^ 
















OE 


\ 


^ 


^toHZ 










tOE ^ 


trMJO « 








tOLZ 


















r\^..« 


HighZ 


<X>0<) 


f \ln\\el r\n«<> > 


/V\ 


HighZ 












y^ Valid Data 


AA/ 





NOTES: 1. toHA, toHC, tpHo; determined by faster. 

2. tAA, tACE, toE; determined by slower. 

3. tcLZ, toLz; determined by slower. 
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HN62344B Series 



■ Preliminary 



524,288 X 8-Bit CIVIOS l\/IASK Programmable Read Only Memory 

■ DESCRIPTION 

The HN62344B is a 4-Mbit CMOS mask-programmable ROM 
organized as 524,288-words x 8-bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In addition, 
the HN62344B, which provides large capacity of 4M bits, is ideally 
suited for kanji character generators. 

■ FEATURES 

• Single -f-5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time 

• Low Power Consumption 



• Byte-wide Data Organization 

• Pin Compatible with JEDEC 

■ ORDERING INFORMATION 



100ns (max.) 

.150mW(typ.) Active 
5^W (typ.) Standby 



Type No. 


Access Time 


Package 


HN62344BP 


100ns 


600 mil 32 pin 
Plastic DIP 


HN62344BF 


100ns 


32 pin Plastic SOP 



BLOCK DIAGRAM 



AG 



H 



A18 



Address 
Buffer 



r.F boX 



Memory 
Array 



3-State 
Output 
Buffer 



CE 1> 



OE 



■^ 



^^S^ 



DO 



H 



D7 




PIN ARRANGEMENT 











NClli 


1 


32 


H Vcc 


AieT 


2 


31 


I]A18 


A15C 


3 


30 


D Al7 


A12C 


4 


29 


D A14 


A7r 


5 


28 


U Ai3 


AeC 


6 


27 


Has 


AsC 


7 


26 


I]A9 


A4C 


8 


25 


U A11 


A3E 


9 


24 


DOE 


A2E 


10 


23 


H A10 


AlC 


11 


22 


DCE 


AoC 


12 


21 


DD7 


DoC 


13 


20 


3 OS 


DlC 


14 


19 


30s 


D2E 


15 


18 


30A 


vssE 


16 


17 


IID3 




(Top View) 
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HN62344B Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 -- +7.0 


V 


1 


All Input and Output Voltage 


Vt 


-3.0 ~ Vcc +0.3 


V 


1 


Operating Temperature Range 


lopr 


~ +70 


°c 




Storage Temperature Range 


Tstg 


-55 ~ +125 


°c 




Temperature Under Bias 


Tbias 


-20 -- +85 


°c 





NOTE: 1 . With respect to Vss- 



■ RECOMMENDED OPEF 


BATING CONDITIONS (Vss = OV, Ta = ~ 70°C) 






Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


ViH 


2.4 


— 


Vcc + 0-3 


V 


ViL 


-0.3 


— 


0.45 


V 



■ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V i 10%, Vss = OV, T^ = ^ 


70°C) 






Item 


Symbol 


Test Condition 


Min. 


Max. 


Unit 


Supply Current 


Active 


^CC 


Vcc = 5.5V, IDouT = 0mA, tRc = Min. 


— 


70 


mA 


Standby 


ISB 


Vcc = 5.5V, CE > Vcc - 0-2V 


— 


30 


Ilk 


Input Leakage Current 


HilI 


ViN = ^ Vcc 


— 


10 


liA 


Output Leakage Current 


HolI 


CE = 2.4V, VouT = ~ Vcc 


— 


10 


HA 




VOH 


loH = -205M 


2.4 


— 


V 


^uipui voiiage 




Vol 


Iql = L6mA 


— 


0.4 


V 



I CAPACITANCE (Vcc = 5V ± 10%, Vss = OV, T^ = 25°C, Vjn = OV, f = IMHz) 



Item 


Symbol 


Min. 


Max. 


Unit 


Input Capacitance 


CiN 


— 


15 


pF 


Output Capacitance 


CoUT 


— 


15 


pF 



NOTE: * This parameter is sampled and not 100% tested. 



■ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, Ta 


= -- 70°C) 




Item 


Symbol 


Min. 


Max. 


Unit 


Read Cycle Time 


tRC 


100 


— 


ns 


Address Access Time 


tAA 


— 


110 


ns 


CE Access Time 


tACE 


— 


100 


ns 


OE Access Time 


tOE 


— 


50 


ns 


Output Hold Time From Address Change 


tDHA 





— 


ns 


Output Hold Time From CE 


bHC 





— 


ns 


Output Hold Time From OE 


tDHO 





— 


ns 


CE to Output in High Z 


tCHZ* 


— 


40 


ns 


OE to Output in High Z 


tOHZ* 


— 


40 


ns 


iCE to Output in Low Z 


tcLZ 


5 


— 


ns 


OE to Output in Low Z 


toLZ 


5 


— 


ns 



NOTE: * tcHZ and toHZ are defined as the time at which the output achieves the open circuit conditions and are not referred to 
output voltage levels. 
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HN62344B Series 



• Test Conditions 

• Input Pulse Level: 0.45 ~ 2.4V 

• Input and Output Timing Reference Level: 1.5V 

■ TIIVIING WAVEFORIVI 



Address 



• Input Rise and Fall Time: 10ns 

• Output Load: 1 TTL gate + CL = lOOpF 

(including scope and jig capacitance) 



tRC 



CE 



OE 



Dout 





■^r— a 








>K : 


X 




^ tAA 




,rf_fcjtr>. .* 












*un« 


\ 


s. 


.^ 






^ tACE 


tDHC- 

7f 


tcHZ _ 






tcLZ ^ 




< ^ 














\ 


^toHZ 










tOE ^ 


tDHol- 






-< ^ 


tOLZ 


< ► 






HighZ 


<XXX) 


r \/oi;<-i Ro*o ^ 


/vs 


HighZ 










^ Valid uata 


AA/ 





NOTES: 1. toHA, Idhc, Idho; determined by faster. 

2. tAA, tACE, toE; determined by slower. 

3. tcLZ, toLz; determined by slower. 
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HN62408 Series -premnary 

524288-Word X 16-Bit/1 048576- Word x 8-Blt CMOS Mask Programmable ROM 

HN62408 Series is a 8-Mbit CMOS mask-programable ROM 
organized eitlier as 524288-word x 16-Bit or as 1 048576- Wod x 8- 
Bit. It can be operated with a battery because of low power 
consumption. The large capacity of 8M bits is optimum for a kanji 
character generator. 



Features 

• Single 5 V 

• Wired OR Is permitted for the output in three states 

• TTL compatible 

• Address access time: 200 ns (max) 

• Low power: Active lOOmW(typ) 

Standby 5 |liW (typ) 

• Byte-Wide or Word-Wide Data Organization (switched by BHE 
terminal) 



Ordering Information 



Type No. 


Address Access Time 


Package 


HN62408P 


200 ns 


600 mil 42-pin plastic DIP 


HN62408FP 


200 ns 


44-pin plastic QFP 



Note: The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi's Sale Dept. regarding specifications. 



Pin 


Arrangement 








HN62408P 


*'8[I7 


1 42 


Z]NC 


A17L 


2 41 


I]A8 


A7|Z 


3 40 


i:a9 


a6e: 


4 39 


^AIO 


A5|Z 


5 38 


I~1aii 


mQ 


S 37 


Z]a12 


A3[I 


7 36 


1a13 


«c: 


8 35 


I]A14 


AlC 


9 34 


Z]a15 


AOd 


10 33 


~1a16 


cid 


11 32 


Z]bhe 


VssC 


12 31 


I]v„ 


oeC 


13 30 


^D15/A-1 


DOC 


14 29 


I]D7 


D8|Z 


15 28 


Z]d14 


°'E 


16 27 


;;^d6 


DSQ 


17 26 


1d13 


D2lZ 


18 25 


I]D5 


D10[^ 


19 24 


|D12 


03[I 


20 23 


ZlD4 


01l[^ 


21 22 


ZlVcc 


(Top View) 


HN62408FP 


r- oo o — oa 


«mtDr~»— •— oocn»-»— •— 




<<<<<<<<<<< 




II II 1 1 II 1 1 1 1 






/•ffcotM^otnoof^-UJin^ 




A3 




, •^•v^'ft'vtncncncom n^- 




A13 


A2 




2 32 




A14 


A1 


— 


3 31 




A15 


AO 




4 30 




A16 


CE 




5 29 




BHE 


NO 




6 28 




NO 


Vss 




7 27 




Vss 


OE 




8 26 




D15/A-1 


DO 




9 25 




D7 


D8 




10 24 




D14 


D1 




11 23 




D6 




— 


tMco^ir>u>r-oo<nor-.(^ 






1 1 1 1 1 M 1 M 1 1 






enojoco^O o^cviinco 




QQ'-Q — Z^Q-Q'- 


Q Q ^ > Q Q 


(Top View) 
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HN62408 Series 



Block Diagram 



A18-^ 



Address 
Buffer 




Memory 
Array 




Hex/ 
Byte 




3-State 
Output 
Buffer 



-^D15/(D7) 



CE-[>0- 

BHE [;^ 

(A-1)*^ D5o^- 

OE — -|>>- 



k>J 



BHE= Vh: 16bits(D15-D0) 

BHE = Vil: 8 bits (D7-D0) 

*1: A-1 is least significant address input, and D14-D8 are of high impedance. 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Power supply voltage*^ 


Vcc 


-0.3 to +7.0 


V 


Terminal voltage*^ 


Vt 


-0.3 to Vcc + 0.3 


V 


Operating temperature 


Topr 


to +70 


°c 


Storage temperature 


Tstg 


-55 to +125 


°c 


Bias temperature 


Tbias 


-20 to +85 


^c 



Note: ♦!. With respect to Vss. 



Rrecommended Operating Conditions (Vss = 


= 0V,Ta = 0to+70°C) 




Item 


Symbol 




Min 




Typ 


Max Unit 


Power supply voltage 


Vcc 




4.5 




5.0 


5.5 V 




Vm 




2.2 




— 


Vcc + 0.3 V 




VlL 




-0.3 




— 


0.8 V 


DC Characteristics (Vcc = 5 V 


± 10%, 


Vss = OV,Ta = 


to +70X) 




Item 


Symbol 


Min 


Max 


Unit 




Test Conditions 


Active 


Ice 


— 


50 


mA 


Vcc = 


= 5.5 V, Idout = mA, tRC = Min 


Power supply cuiieiit s^a^^^y 


ISB 


— 


30 


^A 


Vcc = 


= 5.5 V.CE> Vcc -0.2V 


Input leak current 


IIliI 


— 


10 


^A 


VlN = 


to Vcc 


Output leak current 


IIloI 


— 


10 


^A 


CE = 


2.2 V, VouT=OtoVcc 


Output voltage 


VOH 


2.4 


— 


V 


IOH = 


-205 nA 


Vol 


— 


0.4 


V 


IOL = 


1.6 mA 
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HN62408 Series 



Capacitance (VCC = 5 V ± 10%, Vss = O V, Ta = 25X, Vin = V, f = l MHz) 




Item Symbol Min Max 


Unit 


Input capacitance*! Cin — 15 


pF 


Output capacitance*! Cout — 15 


pF 



Note: ♦!. This parameter is sampled and not 100% tested. 



AC Operating Characteristics (Vcc = 5 V ± 10%, Vss = V, Ta = to +70X) 
Test Conditions 

Input pulse level: 0.8 to 2.4 V Output load: 1 TTL gate + Cl = 1 00 pF 

I/O timing reference level: 1 .5 V (including jig capacitance) 

Input rise/fall time: 10 ns 



Item 


Symbol 


Min 


Max 


Unit 


Cycle time 


tRC 


200 


— 


ns 


Address access time 


tAA 


— 


200 


ns 


CE access time 


tACE 


— 


200 


ns 


OE access time 


tOE 


— 


100 


ns 


BHE access time 


tBHE 


— 


200 


ns 


Output Hold Time from Address Change 


tDHA 





— 


ns 


Output Hold Time from CE 


tDHC 





— 


ns 


Output Hold Time from OE 


tDHO 





— 


ns 


Output Hold Time from BHE 


tDHB 





__ 


ns 


CE to Output in High Z 


tCHZ*^ 


— 


70 


ns 


OE to Output in High Z 


tOHZ*^ 


— 


70 


ns 


BHE to Output in High Z 


tBHZ*^ 


— 


70 


ns 


CE to Output in Low Z 


tCLZ 


10 


— 


ns 


OE to Output in Low Z 


tOLZ 


10 


— 


ns 


BHE to Output in Low Z 


tBLZ 


10 


— 


ns 



Note: * 1 tCHZ, tOHZ, and tBHZ define the time at which the output goes to the high impedance state and is not referenced to output voltage 
level. 
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HN62408 Series 



Timing Waveform 

Word Mode (BHE = "Vih") or Byte Mo6e (SHE = "Vil") 



Address / 


t-c 












) 


[ 

V 


/ 
\ 








t*A 














— 


- 


J^HK 


CE 


\ 


\ 


/ 








t*ci 


/ 


. »«=.« . 


t 






Jo 

'( 


!!i. 




oF 




\ 


\ 






High-Z 




tot 






1 

. toMZ 




tou 




toHO 










High-Z 


/m 


/ Valid Data \ 


% 


Oout 


kW 




1 



Notes: 1. tDHA, tDHC, tDHO; Determined by whichever is faster. 

2. tAA, tACE, tOE; Determined by whichever is slower. 

3. tCLZ, tOLZ; Determined by whichever is slower. 
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HN62408 Series 



Switching between Word IViode and Byte IVIode 






















High-Z 


§ 


i } 


^ 


High-Z 


A-1 






t«A 




,tD«*J 














\ 

BHE 


\ 




/ 


/ 








D7~D0 


1 " "■■"""" 


p»» 


( Valid Data \ 


wY 


m 


/ 

■ Valid Data 

\ 




toMB 




High-Z 


ta„c 












\ 

015~D8 

/ 






M 


Valid Data 

\ 






t.iz 


m 




tflHZ 

























Notes: 



1. CE, OE are of selected status. A18-A0 are fixed. 

2. D15/A-1 terminal is of output state when BHE = Vm, CE and OE are of selected state. 

At this time, an input signal that is of the inverse phase to the output should not be impressed. 
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HN62308B Series 

1048576 X 8-Bit CI\/IOS l\/IASK Programmable Read Only Memory 

■ DESCRIPTION 

The HN62308B is a 8-Mbit CMOS mask-programmable ROM 
organized as 1048576-words x 8-bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In addition, 
the HN62308B, which provides large capacity of BM bits, is ideally 
suited for kanji character generators. 

■ FEATURES 

• Single +5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time 

• Low Power Consumption 



• Byte-wide Data Organization 

• Pin Compatible with JEDEC 

■ ORDERING INFORMATION 



200ns (max.) 

.100mW(typ.) Active 
5fi\N (typ.) Standby 



Type No. 


Access Time 


Package 


HN62308BP 


200ns 


600 mil 32 pin 
Plastic DIP 


HN62308BF 


200ns 


32 pin Plastic SOP 



BLOCK DIAGRAM 



AG 



1 



A19 
CE 

OE 



Address 
Buffer 



-^^ 



Memory 
Array 



3-State 
Output 
Buffer 



S5^ 



DO 



H 



D7 



{>■ 




PIN ARRANGEMENT 











A19C 


1 


32 


Hvcc 


AieC 


2 


31 


I]A18 


A15C 


3 


30 


nAi7 


A12C 


4 


29 


U Ai4 


A7C 


5 


28 


I] Ai3 


AeE 


6 


27 


HAS 


A5C 


7 


26 


IjAg 


A4n 


8 


25 


IIA11 


A3 a 


9 


24 


DOE 


A2C 


10 


23 


Daio 


A1 C 


11 


22 


DCE 


AoC 


12 


21 


DD7 


DoC 


13 


20 


3oe 


DlC 


14 


19 


Dds 


D2E 


15 


18 


304 


vssC 


16 


17 


303 




(Top View) 
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HN62308B Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 ^ +7.0 


V 


1 


All Input and Output Voltage 


Vt 


-3.0 ~ Vcc +0-3 


V 


1 


Operating Temperature Range 


Topr 


~ +70 


°c 




Storage Temperature Range 


'^stg 


-55 -^ +125 


°c 




Temperature Under Bias 


Tbias 


-20 ~ +85 


°c 





NOTE: 1 . With respect to Vss- 

■ RECOMMENDED OPERATING CONDITIONS (Vss = OV, Ta = ~ 70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlH 


2.2 


— 


Vcc + 0.3 


V 


ViL 


-0.3 


— 


0.8 


V 



■ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V d= 10%, Vss = OV, Ta = ^ 


70X) 






Item 


Symbol 


Test Condition 


Min. 


Max. 


Unit 


Supply Current 


x\ctive 


Ice 


Vcc = 5.5V, IDouT = On^' ^rc = Min. 


— 


50 


mA 


Standby 


IsB 


Vcc = 5.5V, CE > Vcc - 0.2V 


— 


30 


liA 


Input Leakage Current 


HilI 


ViN = ^ Vcc 


— 


10 


M 


Output Leakage Current 


UolI 


CE = 2.2V, VouT = ^ Vcc 


— 


10 


M 




VOH 


loH = -205mA 


2.4 


— 


V 


vjuipui voiiage 




Vol 


Iql = 1.6mA 


— 


0.4 


V 
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I CAPACITANCE (Vcc = 5V ± 10%, Vss = OV, T^ = 25°C, Vjn = OV, f = IMHz) 



HN62308B Series 



Item 


Symbol 


Min. 


Max. 


Unit 


Input Capacitance 


CiN 


— 


15 


pF 


Output Capacitance 


Cqut 


— 


15 


pF 



NOTE: * This parameter is sampled and not 100% tested. 



■ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ 


= ~ 70°C) 




Item 


Symbol 


Min. 


Max. 


Unit 


Read Cycle Time 


tRC 


200 


— 


ns 


Address Access Time 


tAA 


— 


200 


ns 


CE Access Time 


UCE 


— 


200 


ns 


OE Access Time 


toE 


— 


100 


ns 


Output Hold Time From Address Change 


tOHA 





— 


ns 


Output Hold Time From CE 


tDHC 





— 


ns 


Output Hold Time From OE 


^DHO 





— 


ns 


CE to Output in High Z 


tCHZ* 


— 


70 


ns 


OE to Output in High Z 


tOHZ* 


— 


70 


ns 


CE to Output in Low Z 


tcLZ 


10 


— 


ns 


OE to Output in Low Z 


toLZ 


10 


— 


ns 



NOTE: * tcHZ and toHZ are defined as the time at which the output achieves the open circuit conditions and are not referred to 
output voltage levels. 
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HN62308B Series 



• Test Conditions 

• Input Pulse Level: 0.8 ~ 2.4V 

• Input and Output Timing Reference Level: 1.5V 

■ TIMING WAVEFORM 



• Input Rise and Fall Time: 10ns 

• Output Load: 1 TTL gate + CL = lOOpF 

(including scope and jig capacitance) 



Address 



CE 



OE 



Dout 



tRC 













X 


>K 




^ tAA 


^ 


^ w. tr^. .. 










*unM 


\ 


•v. 


/ 






^ UCE 


tOHC-" 

7f 


tcHZ 






^ tcLZ ^ 


















H 


/ 

^toHZ 










*°E > 


tDHOH 






-< > 


tOLZ 


< ► 






HighZ 


<XXX) 


/ \/^i;-j rk«*« \ 


A/\ 


HighZ 










y^ Valid Data 


AAy 





NOTES: 1. toHA, toHC, toHo; determined by faster. 

2. tAA, tACE, toe; determined by slower. 

3. tcLZ, toLz; determined by slower. 
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HN66403P Series 

524,288 X 16-Bit/1, 048,576 x 8-Bit CMOS MASK Programmable 
Read Only Memory 

■ DESCRIPTION 

The HN66403P is an 8-Mbit CMOS mask-programmable ROM 
module consisted of 2 pieces of HN62404 products and HD74HC00 
equivalent product. Realizing low power consumption, this memory 
is allowed for battery operation. In addition, the HN66403P, which 
provides large capacity of 8M bits, is ideally suited for kanji character 
generators. 

■ FEATURES 

• Single + 5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time 250ns (max.) 

• Low Power Consumption 100mW (typ.) Active 

5/iW (typ.) Standby 

• Byte-wide or Word-wide Data Organization with BHE 

• Pin Compatible with HN62408P 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HN66403P 


250ns 


600 mil 42 pin 
Plastic DIP 



BLOCK DIAGRAM 

AO-17 

A18 

CE 

OE 

BHE 





"" 1st " 
;i 4M-bit . 




1 


♦ 










Decoder 






* 






•" 2nd -" 
_ 4M-bit _ 





DO -15 
(A-1)* 



BHE = V,h; 16-bit (D,5 ~ Dq) 
BHE = V,l; 8-bit (D7 ~ Dq) 

* A-1 is least significant address. When BHE is "low", D14 
impedance state. 




PIN ARRANGEMENT 





HN66403P 




AisC 


1 


42 


H NO 


A17C 


2 


41 


5a8 


A7C 


3 


40 


I]A9 


AeE 


4 


39 


U A10 


AsC 


5 


38 


I] A11 


A4C 


6 


37 


U A12 


A3C 


7 


36 


I]A13 


A2C 


8 


35 


H Ai4 


AlC 


9 


34 


I]A15 


AoC 


10 


33 


I]A16 


CEC 


11 


32 


'Z\ BHE 


VssE 


12 


31 


IJvss 


OEC 


13 


30 


I] D15/A-1 


DoC 


14 


29 


DD7 


DsC 


15 


28 


I]D14 


DlE 


16 


27 


I]D6 


DgM 


17 


26 


IID13 


D2C 


18 


25 


DD5 


D10C 


19 


24 


U D12 


Dap 


20 


23 


DD4 


D11 c 


21 


22 


U vcc 




(Top View) 






Dg goes the high 



Hitachi America, Ltd. 



<^HITACHI 

► Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1123 



HN66403P Series 



■ ABSOLUTE MAXIMUM RATINGS 












Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


1 


All Input and Output Voltage 


Vt 


-0.3 ~ Vcc +0.3 


V 


1 


Operating Temperature Range 


T„pr 


~ +70 


°c 




Storage Temperature Range 


'^stg 


-55 -- +125 


X 




Temperature Under Bias 


Tbias 


-20 ~ +85 


°c 




NOTE: 1. With respect to Vss. 

■ RECOMMENDED OPERATING CONDITIONS (Vss = OV, T^ = ~ 70°C) 


Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 




V,H<'> 


2.2 


— 


Vcc + 0.3 


V 


Input Voltage 


V,„(2) 


Vcc X 0.7 


— 


Vcc + 0.3 


V 




ViL 


-0.3 


— 


0.8 


V 



NOTE: 1. Others except Ais, CE 
2. Ai8,CE 



■ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ = -- 


70X) 






Item 


Symbol 


Test Condition 


Min. 


Max. 


Unit 


Supply Current 


Active 


Ice 


Vcc = 5.5V, IDouT = 0mA, tRc = Min. 


— 


50 


mA 


Standby 


ISB 


Vcc = 5.5V, CE > Vcc - 0.2V 


— 


30 


^A 


Input Leakage Current 


HilI 


ViN = ~ Vcc 


— 


10 


M 


Output Leakage Current 


HolI 


CE = Vcc X 0.7, VouT = ~ Vcc 


— 


10 


/.A 




VoH 


loH = -205/iA 


2.4 


— 


V 






Vol 


Iql = 1.6mA 


— 


0.4 


V 



I CAPACITANCE (Vcc = 5V ± 10%, Vss = OV, T^ = 25°C, Vjn = OV, f = IMHz) 



Item 


Symbol 


Min. 


Max. 


Unit 


Input Capacitance 


CiN 


— 


15 


pF 


Output Capacitance 


Cqut 


— 


15 


pF 



NOTE: * This parameter is sampled and not 100% tested. 



■ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, Ta 


= - 70°C) 




Item 


Symbol 


Min. 


Max. 


Unit 


Read Cycle Time 


tRC 


250 


— 


ns 


Address Access Time 


tAA 


— 


250 


ns 


CE Access Time 


UCE 


— 


250 


ns 


OE Access Time 


tOE 


— 


100 


ns 


BHE Access Time 


tBHE 


— 


250 


ns 


Output Hold Time From Address Change 


toHA 





— 


ns 


Output Hold Time From CE 


toHC 





— 


ns 


Output Hold Time From OE 


toHO 





— 


ns 


Output Hold Time From BHE 


toHB 





— 


ns 


CE to Output in High Z 


tCHZ* 


— 


120 


ns 


OE to Output in High Z 


tOHZ* 


— 


70 


ns 


BHE to Output in High Z 


tBHZ* 


— 


70 


ns 


CE to Output in Low Z 


tCLZ 


10 


— 


ns 


OE to Output in Low Z 


tOLZ 


10 


— 


ns 


BHE to Output in Low Z 


tBLZ 


10 


— 


ns 



NOTE: 



1124 



' tcHZ, toHZ and Ibhz are defined as the time at which the output achieves the open circuit conditions and are not referred 
to output voltage levels. 
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HN66403P 



Test Conditions 

• Input Pulse Level: 0.8 ~ 2.4V 

Other except pin Ajg, CE 

• Input and Output Timing Reference Level: 1.5V 



• Input Rise and Fall Time: 10ns 

• Output Load: 1 TTL gate + CL = lOOpF 

(including scope and jig capacitance) 



■ TIIVIING WAVEFORIVI 

• Word l\/lode (BHE = 'V,h') or Byte IVIode (SHE = 'V,l') (1) 



tRC 















Address 


> 




X 




^ tAA _ 




^_^t,>. .A 














»unM 


CE 


\ 


"V 


?' 








^ tACE 




^z ^ 






I tcLZ . 




















OE 


\ 


^ 


^toHZ 










tOE ^ 


tnc -_ 








tOLZ 














lUb r-* -^ 




nni it - 


HighZ 


< yx) 


f \/ol!H r^'at'5 ^ 


/v\ 


HighZ 


LJXJUi 










y vaiiQ uaia 


AA/ 





NOTES: 1. tDHA, toHC, toHo; determined by faster. 

2. tAA, tACE, ton; determined by slower. 

3. tcLZ, toLz; determined by slower. 
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HN66403P 



• Word Mode, Byte Mode Switch (2) 



A-1 



BHE 



Dy-'DO 



D15~D8 



HighZ 



^ 



>^ 



tAA 



V 



tDHB 

Ma 



tDHA 



HighZ 



><xffixm>c:szxEmx>< 



jf 



HighZ 



tBHZ 



tBHE 



tBLZ 



mi 



Valid 
Data 



Valid 
Data 



NOTES: 1 . CE and OE are enable Aig ~ Ao are valid. 

2. D 15/ A-1 pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 
phase to the output must not apply to them. 
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HN624016 Series 



1,048,576 X 16-Bit/2,097,152 x 8-Bit CMOS MASK Programmable 
Read Only Memory 

■ DESCRIPTION 

The HN624016 is a 16-Mbit CMOS mask-programmable ROM 
organized either as 1048576 words by 16 bits or as 2097152 words by 
8 bits. Realizing low power consumption, this memory is allowed for 
battery operation. In addition, the HN624016, which provides large 
capacity of 16M bits, is ideally suited for kanji character generators. 

■ FEATURES 

• Single + 5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time 200ns (max.) 

• Low Power Consumption lOOmW (typ.) Active 

5fi\N (typ.) Standby 

• Byte-wide or Word-wide Data Organization with BHE 

■ ORDERING INFORMATION 




Type No. 


Access Time 


Package 


HN624016P 


200ns 


600 mil 42 pin 
Plastic DIP 


HN624016F 


200ns 


48 pin Plastic SOP 



BLOCK DIAGRAM 



AO 



H 



Address 
Buffer 



A19- ^ 

CE bxyi- 



Memory 
Array 



Hex/ 
Byte 



CE 

bRe 

(A-ir 
OE 



^^ 



^- 



3-State 
Output 
Buffer 






^>- 



DO 

D15 
/(D7) 




BHE = Vih; 16-bit (D,5 ~ Dq) 

BHE = Vjl; 8-bit (D7 ~ Dq) 

* A-1 is least significant address. When BHE is "low", D14 ~ Dg goes the high impedance state. 
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HN624016 Series 



PIN ARRANGEMENT 





HN624016P 




AisC 


1 


42 


I]Ai9 


A17C 


2 


41 


I]A8 


Ayr 


3 


40 


DA9 


AeC 


4 


39 


I]Aio 


AsC 


5 


38 


H A11 


A4C 


6 


37 


H A12 


A3C 


7 


36 


DA13 


A2C 


8 


35 


DA14 


AlE 


9 


34 


IlAi5 


AoC 


10 


33 


I]A16 


ceE 


11 


32 


U BHE 


vss E 


12 


31 


Dvss 


oeC 


13 


30 


U D15/A-I 


DoC 


14 


29 


HOT 


D8C 


15 


28 


I]D14 


DlC 


16 


27 


IlDe 


D9p 


17 


26 


Hdis 


D2 E 


18 


25 


I]D5 


D10C 


19 


24 


U D12 


D3 c 


20 


23 


I]D4 


D11 d 


21 


22 


I]vcc 




(Top View) 







HN624016F 




A18E 


1 


48 


I]Ai9 


A17C 


2 


47 


DA8 


A7C 


3 


46 


DA9 


AeE 


4 


45 


IjAio 


AsC 


5 


44 


H A11 


A4C 


6 


43 


I]A12 


A3C 


7 


42 


IIA13 


A2C 


8 


41 


I]A14 


AlE 


9 


40 


H Al5 


AoC 


10 


39 


I]A16 


NCC 


11 


38 


Unc 


NC C. 


12 


37 


Unc 


NCC 


13 


36 


□ nc 


ceE 


14 


35 


U BHE 


VssE 


15 


34 


H Vss 


OEC 


16 


33 


m D15/A-I 


DoC 


17 


32 


DD7 


DsE 


18 


31 


L]Di4 


DlE 


19 


30 


pD6 


DqE 


20 


29 


I]D13 


Dap 


21 


28 


I]D5 


D10E 


22 


27 


I]Di2 


DsE 


23 


26 


nD4 


D11 [I 


24 


25 


I] Vcc 




(Top View) 





NOTE: 12-13 pin and 36-37 pin are connected to inner lead frame. 
■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


1 


All Input and Output Voltage 


Vt 


-0.3 -- Vcc +0.3 


V 


1 


Operating Temperature Range 


^opr 


~ +70 


°c 




Storage Temperature Range 


'^stg 


-55 ~ +125 


°c 




Temperature Under Bias 


Tbias 


-20 ~ +85 


°c 





NOTE: 1 . With respect to Vss- 

■ RECOMMENDED OPERATING CONDITIONS (Vss = OV, T^ = ~ 70°C) 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


V,H 


2.2 


— 


Vcc + 0.3 


V 


V,L 


-0.3 


— 


0.8 


V 



■ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V =fc 10%, Vss = OV, T^ = ~ 


70°C) 






Item 


Symbol 


Test Condition 


Min. 


Max. 


Unit 


Supply Current 


Active 


Ice 


Vcc = 5.5V, IDouT = 0mA, Irc = Min. 


— 


50 


mA 


Standby 


IsB 


Vcc = 5.5V, CE > Vcc - 0.2V 


— 


30 


IxA 


Input Leakage Current 


HilI 


ViN = ~ Vcc 


— 


10 


M 


Output Leakage Current 


HolI 


CE = 2.2V, VouT = ~ Vcc 


— 


10 


M 




VoH 


loH = -205M 


2.4 


— 


V 






Vol 


Iql = 1.6mA 


— 


0.4 


V 
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I CAPACITANCE (Vcc = 5V ± 10%, Vss = OV, T^ - 25°C, Vin = OV, f = IMHz) 



NOTE: * This parameter is sampled and not 100% tested. 



HN624016 Series 



Item 


Symbol 


Min. 


Max. 


Unit 


Input Capacitance 


CiN 


— 


15 


pF 


Output Capacitance 


Cqut 


— 


15 


pF 



■ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = OV, T^ 


- ~ 70°C) 




Item 


Symbol 


Min. 


Max. 


Unit 


Read Cycle Time 


tRC 


200 


- 


ns 


Address Access Time 


tAA 


— 


200 


ns 


CE Access Time 


tACE 


— 


200 


ns 


OE Access Time 


toE 


— 


100 


ns 


BHE Access Time 


tBHE 


— 


200 


ns 


Output Hold Time From Address Change 


tDHA 





- 


ns 


Output Hold Time From CE 


toHC 





- 


ns 


Output Hold Time From OE 


toHO 





— 


ns 


Output Hold Time From BHE 


tDHB 





- 


ns 


CE to Output in High Z 


tCHZ* 


— 


70 


ns 


OE to Output in High Z 


toHZ* 


— 


70 


ns 


BHE to Output in High Z 


tBHZ* 


— 


70 


ns 


CE to Output in Low Z 


tcLZ 


10 


— 


ns 


OE to Output in Low Z 


tOLZ 


10 


— 


ns 


BHE to Output in Low Z 


tRLZ 


10 


- 


ns 



NOTE: 



'^ tcHZ, toHZ and tenz are defined as the time at which the output achieves the open circuit conditions and are not referred 
to output voltage levels. 



• Test Conditions 

• Input Pulse Level: 0.8 ~ 2.4V 

• Input and Output Timing Reference Level: 1.5V 



• Input Rise and Fall Time: 10ns 

• Output Load: 1 TTL gate + CL = lOOpF 

(including scope and jig capacitance) 
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HN624016 Series 



■ TIMING WAVEFORM 

• Word Mode (BHE = 'V,h') or Byte Mode (SHE = 'V|l') (1) 



Address 



CE 



OE 



Dout 





■* --^ ) 


^ 






X : 


X 




^ tAA ^ 




.^ .fc^ t,^. .. 












•^una 


\ 


s; 


y 








^ UCE 


tOHC- 

7f 


HZ ^ 






^ ^CLZ ^ 




* ► 














\ 


^ 


^toHZ 










tOE 


IoeI- 






-< >- 


tOLZ 


< >► 






HighZ 


< XX) 


/ X/^llri r\oto N 


A/'\ 


HighZ 










y^ valid Data 


AA/ 





NOTES: 1. toHA, toHC, toHo; determined by faster. 

2. tAA, tACE, toEl determined by slower. 

3. tcLZ, toLz; determined by slower. 

• Word Mode, Byte Mode Switch (2) 



A-1 



BHE 



D7-D0 



015-08 



HighZ 



^ 



tAA 



X 



tDHB 



>^ 



tDHA 



HighZ 



Valid 
Data 



jf 



>mffix>< 



^m 



HighZ 



tBHZ 



tBHE 



tOLZ 

-< — ^ 



K2[ 



Valid 
Data 



Valid 
Data 



NOTES: 1 . CE and OE are enable A 19 ~ Ao are valid. 

2. D15/A-I pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 
phase to the output must not apply to them. 
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HNS8064 Series 

8192-word x 8-bit Electrically Erasable and Programmable ROM 

■ FEATURES 

• Single 5V Supply 

• Address, Data, CE, iOE Latches 

• Byte Erase / Byte Write Time 10 ms typ. 

• Chip Erase Time 20 ms typ. 

• Fast Access Time 250/300ns max. 

• Low Power Dissipation 300mW typ. (Active) 

125mW typ. (Standby) 

• Comforms to JEDEC Byte-Wide Standard 

• Reliable N-channel MNOS Technology 

• 10000 Erase/Write Cycles 




PIN ARRANGEMENT 



ORDERING INFORMATION 



Type No. 


Access Time 


Package 


KN58064P-25 
HN58064P-30 


250ns 
300ns 


600 mil 28 pin Plastic 
DIP 



■ BLOCK DIAGRAM 



V.cO- 

v., o- 



High Voltage 
Generator 



or 

WE < 

A12 < 

S 

A8 t 



A7 



^ 



I/OO ~ 1/07 
I/O Buffer 



Erase, Write, Powerdown 
Control Logic 

IE 



Address 
Buffer 

and 
Latch 



c^ 







I 



and 
Input Latch 



o 



Y 
Decoder 



Y Gating 



X 

Decoder 




■ MODE SELECTION 



^"■^^--^.^^^ PINS 


CE (20) 


OE (22) 


WE (27) 


1/0(11-13. 


15-19) 


Read 


ViL 


ViL 


ViH 


Dout 


Standby 


ViH 


X 


X 


HighZ 


Byte Erase 


ViL 


Vm 


VjL 


Din = ViH 


Byte Write 


ViL 


VlH 


VlL 


Din 


Chip Erase 


ViL 


ViL 


ViL 


Din = VjH 


Deselect 


ViL 


ViH 


Vm 


HighZ 




(Top View) 



A0-A12 


Address Input 


I/OO - 1/07 


Data in / Data out 


OE 


Output Enable 


CE 


Chip Enable 


WE 


Write Enable 


Vcc 


Power (+5V) 


Vss 


GND 


NC 


No Connect 



X:K/HorKjx, 
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-HN58064 Series 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage*! 


Vcc 


-0.6 to +7.0 


V 


Input Voltage ♦! 


Vin 


-0.6 to +7.0 


V 


Operating 

Temperature Range 


Topr 


to +70 


"C 


Storage 

Temperature Range 


T,tB 


-55 to +125 


*»c 



Note: *1. With Respect to F55 



■ RECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


ViL 


-0.1 


- 


0.8 


V 


Vm 


2.0 


- 


Vcc-^i 


V 


Operating 
Temperature 


Topr 





- 


70 


''C 



DC AND OPERATING CHARACTERISTICS {Ta = to 70°C, Vcc = 5V ±10%) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


ILI 


Kcc= 5.5V, K^ = 5.5V 


- 


- 


10 


mA 


Output Leakage Current 


ILO 


Kcc= 5.5V, Kour=5.5/0.4V 


- 


- 


10 


mA 


Vcc Current (Standby) 


Jcc\ 


CE=K/// 


- 


25 


40 


mA 


Vcc Current (Active) 


Jcci 


CE^ViL 


- 


60 


100 


mA 


Input Low Voltage 


ViL 




-0.1 


- 


0.8 


V 


Input High Voltage 


VlH 




2.0 


- 


Kcc+1 


V 


Output Low Voltage 


Vol 


IOL= 2.1 mA 


- 


- 


0.4 


V 


Output High Voltage 


VOH 


Iqh - -400 ma 


2.4 


- 


- 


V 



■ CAPACITANCE {Ta = 25*'C,/= IMHz) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


Cin 


Vin = OV 


- 


- 


6 


PF 


Output Capacitance 


Cout 


Vout = OV 


- 


- 


12 


pF 



■ AC TEST CONDITIONS 

Input Puise Levels: 

Input Rise and Fall Time: 

Output Load: 

Reference Level for Measuring Timing: 



0.4V to 2.4V 
^ 20ns 

ITTLGate + IOOpF 
0.8V and 2.0V 
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HN58064 Series - 



■ AC CHARACTERISTICS {Ta = to +70°C, Vcc = 5V ± 10%) 
• READ OPERATION 



Parameter 


Symbol 


Test Condition 


HNS 8064-25 


HN5 8064-30 


Unit 


min. 


max. 


min. 


max. 


Address to Output Delay 


^ACC 


CE = OE=K//„WE=K/// 


- 


250 


- 


300 


ns 


CE to Output Delay 


tCE 


OE=F/£,WE=K/^ 


- 


250 


- 


300 


ns 


OE to Output Delay 


tOE 


CE=K/£,WE=K/// 


- 


100 


- 


150 


ns 


Address to Output Hold 


(OH 


CE = OE= K//,.WE= ViH 





- 





- 


ns 


OE High to Output Float 


tDF 


CE= va:m^viH 





90 





130 


ns 



Note: t])f is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 



• WAVE FORM READ CYCLE 



y: 



\ 



\ 



X 
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-HN58064 Series 



• BYTE ERASE AND BYTE WRITE OPERATION 



Parameter 


Symbol 


Test 
Condition 


min 


typ 


, 

max 


Unit 


Address Setup Time 


tAS 







- 


- 


ns 


Address Hold Time 


tAH 




100 


- 


- 


ns 


CE Setup Time 


tCES 







- 


- 


ns 


CE Hold Time 


tCEH 




100 


- 


- 


ns 


OE Setup Time 


tOES 







- 


- 


ns 


OE Hold Time 


tOEH 




100 


- 


- 


ns 


WE Pulse Width 


tWEPl 




8 


10 


15 


ms 


WE High Time 


tWEH 




1000 


- 


- 


ns 


Data Setup Time 


tDS 







- 


- 


ns 


Data Hold Time 


tDH 




100 


- 


- 


ns 



• WAVE FORM ERASE AND WRITE CYCLE 




Notes: 1. CE or OE should be "1" and in Standby Mode or Deselect Mode before Write/Erase operation. 
2. I/OO to 1/07 must be "1" in Byte Erase. 
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HN58064 Series - 



• Read Cycle after Byte Erase or Byte Write 



Parameter 


Symbol 




HN5 8064-25 






HN5 8064-30 




Unit 


min*^ 


typ 


max 


min*» 


typ 


max 


Address setup time 


tAS 





- 


- 





- 


- 


ns 


Address hold time 


tAH 


100 


- 


- 


100 


- 


- 


ns 


CE setup time 


tCES 





- 


- 





- 


- 


ns 


CE hold time 


tCEH 


100 


- 


- 


100 


- 


- 


ns 


OE setup time 


tDES 





_ 


_ 





- 


- 


ns 


OE hold time 


tDEH 


100 


- 


- 


100 


- 


- 


ns 


WE pulse width 


tWEPI 


10 


12 


15 


10 


12 


15 


ms 


CE high time 


tCH 


10 


- 


- 


10 


- 


- 


MS 


Data setup time 


tDS 





- 


- 





- 


- 


ns 


Data hold time 


tDH 


100 


- 


- 


100 


- 


- 


ns 


Address to output delay time 


UCC 


250 


- 


- 


300 


- 


- 


ns 


CE to output delay time 


tCE 


250 


- 


- 


300 


- 


- 


ns 


OE to output delay time 


tOE 


100 


- 


- 


150 


- 


- 


ns 



Note: 1. Use this device in longer cycle than this value. 



• Read Timing Waveform after Byte Erase or Byte Write 



"CE 
OE 
"WE 
Data 



UMr.^ 



-h: 



^ 



\ 



— "?;^ m\m\\\\m\\\\m 



Notes: 1. CE or OE should be high and in standby mode or deselect mode before write/erase operation. 
2. I/OO to 1/07 must be "1" in byte erase. 
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-HN58064 Series 



• CHIP ERASE OPERATION 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


CE Hold Time 


tCEH 




100 


- 


- 


ns 


OE Setup Time 


tOES 







- 


- 


ns 


OE Hold Time 


tOEH 




100 


- 


- 


ns 


WE Setup Time 


tws 







- 


- 


ns 


WE Pulse Width 


tWH 




15 


20 


25 


ms 


We High Time 


tWEH 




1000 


- 


- 


ns 


Data Setup Time 


tDS 







- 


- 


ns 


Data Hold Time 


tDH 




100 


- 


- 


ns 



• WAVE FORM CHIP ERASE 



*1. 

Dau 




Notes: 1. I/OO ~ 7 must be "1" in Chip Erase Operation. 
2. Don't Care about Address. 




HITACHI 

Hitachi America, Ltd • Hitachi Plaza • 2000 Sierra Point Pkwy • Brisbane, CA 94005-1819 • (415) 589-8300 



1137 



8192-word x 8-bit Electrically Erasable and Programmable CMOS ROM 



■ FEATURES 

• Single 5V Supply 

• On Chip Latches; Address, Data, CE, OE, Wl 

• Automatic Byte Write 10ms max. 

• Automatic Page Write 

(32byte) 10ms max. 

• Fast Access Time 250ns max. 

• Low Power Dissipation . . . 20mW/MHz typ. (Active) 

. . . 2mW typ. (Standby) 

• DATA Polling and Ready/Busy 

• Data Protection Circuity on Power On/Power Off 

• Conforms to JEDEC Byte-Wide Standard 

• Reliable CMOS with MNOS Cell Technology 

• 10^ Erase/Write Cycles in page mode and 10 year Data 
Retention 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HN58C65P-25 


250ns 


600 mil 28 pin Plastic DIP 


HN58C65FP-25 


250ns 


28 pin Plastic SOP 



Note) 



T is added to the end of the type no. for a SOP of 3.0mm 
(max.) thickness. 



HN58C65P Series 




(DP-28) 



HN58C65FP Series 




(FP-28D/DA) 



■ PIN ARRANGEMENT 



BLOCK DIAGRAM 




RDY/Busy [T 

A12 [T 

A7 U 

A6 [T 

A5 [T 

A4 |T 

A3 (T 

A2 [£ 

Al (T 

AO (jO 

I/OO QT 

i/oi 01 

1/02 d 

Vss Oi 



^ Vcc 

m WE 

26] NO 

25] A8 

m A9 

23] All 

1] OE 

10 AlO 

20] CE 

JE 1/07 

j1] 1/06 

ID 1/05 

le] 1/04 

Is] 1/03 



(Top View) 
PIN DESCRIPTION 
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A0-A12 


Address Input 


I/Ol - 1/07 


Data In/Data Out 


OE 


Output Enable 


CE 


Chip Enable 


WE 


Write Enable 


RDY/Busy 


Ready/Busy 


Vcc 


Power (+5V) 


Vss 


GND 


NC 


No Connect 
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HN58C65 Series 



■ MODE SELECTION 



^^^~^-~-~^__^^ PINS 
MODE ^^^^^^^'^^^ -~-^__ 


CE 

(20) 


OE 

(22) 


WE 

(27) 


RDY/Busy 

(1) 


I/O 

(11 -13,15 - 19) 


Read 


VlL 


VlL 


VlH 


HighZ 


Dout 


Standby 


VlH 


X 


X 


HighZ 


HighZ 


Write 


VlL 


VlH 


yiL 


High Z- Vol 


Din 


Deselect 


ViL 


VlH 


VlH 


HighZ 


HighZ 


Write Inhibit 


X 


X 


Vm 


HighZ 


- 


Write Inhibit 


X 


VlL 


X 


HighZ 


- 


Data Polling 


VlL 


VlL 


VlH 


Vol 


Data Out (1/07) 



Note: X: F/x, or Vju 
■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage ^ 


Vcc 


-0.6 to +7.0 


V 


Input Voltage* 1 


Vin 


-0.5*2 to +7.0 


V 


Operating Temperature Range 


T^opr 


to +70 


°c 


Storage Temperature Range 


T.t. 


-55 to +125 


"c 



Notes: *1. With respect to F55. 

*2. -3.0V for pulse width ^ 50ns. 

■ RECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


ViL 


-0.3 


- 


0.8 


V 


VlH 


2.2 


- 


Vcc^^ 


V 


Operating Temperature 


'opr 





- 


70 


°c 



■ DC AND OPERATING CHARACTERISTICS (7^=0 to +70"C, Kcc = 5V±10%) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


Fee -5.5V 
Vin -5.5Y 


- 


- 


2 


mA 


Output Leakage Current 


Jlo 


Fee = 5.5 V 

Vout-5.5/0AW 


- 


- 


2 


mA 


Vcc Current (Standby) 


^CCl 


CE-VjH 


- 


- 


1 


mA 


Vcc Current (Active) 


^CC2 


Iout=OmA, duty=100%, 
cycle 1/is 


- 


- 


8 


mA 


I3r85rcfe'^"*y=^°^^^' 


- 


- 


25 


mA 


Input. Low Voltage 


VlL 




-0.3*1 


- 


0.8 


V 


Input High Voltage 


^IH 




2.2 


- 


^CC+1 


V 


Output Low Voltage 


Vol 


/(?£, = 2.1mA 


- 


- 


0.4 


V 


Output High Voltage 


VOH 


/c?// = -400mA 


2.4 


- 


- 


V 


Note: *1. -l.OV for pulse width ^5 0ns 
■ CAPACITANCE (rfl=25°C,/=lMHz) 


Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Capacitance 


Cin 


F,„=OV 


- 


- 


6 


PF 


Output Capacitance 


^out 


Vout-OW 


1 - 


- 


12 


PF 
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HN58C65 Series- 



■ AC CHARACTERISTICS (Ta=0 to +70 C, Vcc^SVt 10%) 

• AC Test Conditions 

Input Pulse Levels: 0.40V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Output Load : 1 TT L Gate + 1 0Op F 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2V 

Outputs; 0.8V and 2V 

• Read Operation 



Parameter 


Symbol 


Test Condition 


HN58C65-25 


Unit 


min. 


max. 


Address to Output Delay 


^ACC 


CE = OE = K/^ 
WE=F/// 


- 


250 


ns 


CE to Output Delay 


^CE 


OE-ViL 
WE=K/^ 


- 


250 


ns 


OE to Output Delay 


tOE 


CE = F>x. 


10 


100 


ns 


Address to Output Hold 


tGH 


CE = OE = F/x, 
WE=K/// 





- 


ns 


OE High to Output Float 


tDF 


CE=F/z, 
WE=F//^ 





90 


ns 



Address 



CE 



OE 



WE 



Data 



> 


C X 


*■ 




tACC 1 






tOH 1 








/ 






\l 


V 








iCE 


/ 




N 


V 


tl)E 






tOE 








High 


















Mf 


t ^ 


^ 


\ 








'^ 


\ 




J 


<^ 


y 
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HN58C65 Series 



• Byte Erase and Byte Write Operation (WE Controlled Write Cycle) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Address Setup Time 


tAS 





- 


- 


ns 


CE to Write Setup Time 


tcs 





- 


- 


ns 


Wrue Pusle Width 


fwp 


200 


- 


- 


ns 


Address Hold Time 


Uh 


150 


- 


- 


ns 


Data Setup Time 


^DS 


100 


- 


- 


ns 


Data Hold Time 


tDH 


20 


- 


- 


ns 


CE Hold Time 


tCH 





- 


- 


ns 


OE to Write Setup Time 


fOES 





- 


- 


ns 


OE Hold Time 


fOEH 





- 


- 


ns 


Data Latch Time 


fDL 


100 


- 


- 


ns 


Time to Device Busy 


tDB 


120 


- 


- 


ns 


Write Cycle Time 


^WC 


- 


- 


10 


ms 


Byte Load Window 


tBL 


100 


- 


- 


MS 



Address 






/{ <» Mh 



WE 



- ^^^ 



;>^^s 



N. ^^^s 



Dm 



C 



.f^ 



^S 



RDY/BUSY 
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HN58C65 Series- 



• Byte Erase and Byte Write Operation (CE Controlled Write Cycle) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 





- 


- 


ns 


CE to Write Setup Time 


^CS 





- 


- 


ns 


CE Pulse Width 


tew 


200 


- 


- 


ns 


Address Hold Time 


Uh 


150 


- 


- 


ns 


Data Setup Time 


tDS 


100 


- 


- 


ns 


Data Hold Time 


tDH 


20 


- 


- 


ns 


CE Hold Time 


fCH 





- 


- 


ns 


OE to Write Setup Time 


tOES 





_ 


- 


ns 


OE Hold Time 


tOEH 





- 


- 


ns 


Data Latch Time 


tDL 


100 


- 


- 


ns 


Time to Device Busy 


^DB 


120 


- 


- 


ns 


Write Cycle Time 


twc 


- 


- 


10 


ms 


Byte Load Window 


tBL 


100 


- 


- 


•MS 



Address 



CE 



^^ 



« -^^^^^^^^ ^ 



N^ 



OE 



Dm 



^^^ 






MZ 



c 



^s 




RDY/BUSY 



Ns 
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• Page Erase and Page Write Operation (WE Controlled Write Cycle) 



-HN58C65 Series 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Address Setup Time 


fAS 





- 


- 


ns 


CE to Write Setup Time 


tcs 





- 


- 


ns 


Write Pusle Width 


fwp 


200 


- 


- 


ns 


Address Hold Time 


tAH 


150 


- 


- 


ns 


Data Setup Time 


fDS 


100 


- 


- 


ns 


Data Hold Time 


^DH 


20 


- 


- 


ns 


CE Hold Time 


fCH 





- 


- 


ns 


OE to Write Setup Time 


fOES 





- 


- 


ns 


OE Hold Time 


fOEH 





- 


- 


ns 


Data Latch Time 


tDL 


100 


- 


- 


ns 


Time to Device Busy 


tDB 


120 


- 


- 


ns 


Write Cycle Time 


^WC 


- 


- 


10 


ms 


Byte Load Window 


tBL 


100 


- 


- 


MS 


Byte Load Cycle 


fBLC 


0.3 


- 


30 

...- ,. — . 


MS 



Address 
A5 to A12 



^: 



Address 
AO to A4 



D 



WE 



Dm 






^' UT^^ 



- \^\ A X\„A A AA\\\\ 




f^'\y \y \y 



dHlHX^X^X^ 



RDY/BUSY 



^. 




Jr 
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HN58C65 Series — — 

• Page Erase and Page Write Operation (CE Controlled Write Cycle) 


Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 





- 


- 


ns 


CE to Write Setup Time 


tcs 





- 


- 


ns 


CE Pulse Width 


few 


200 


- 


- 


ns 


Address Hold Time 


fAH 


150 


- 


- 


ns 


Data Setup Time 


^DS 


100 


- 


- 


ns 


Data Hold Time 


tDH 


20 


- 


- 


ns 


CE Hold Time 


^CH 





- 


- 


ns 


OE to Write Setup Time 


tOES 





- 


- 


ns 


OE Hold Time 


^OEH 





- 


- 


ns 


Data Latch Time 


tDL 


100 


- 


- 


ns 


Time to Device Busy 


^DB 


120 


- 


- 


ns 


Write Cycle Time 


twc 


- 


- 


10 


ms 


Byte Load Window 


tBL 


100 


- 


- 


MS 


Byte Load Cycle 


^BLC 


0.3 


- 


30 


MS 



Address 
A5 to A12 



Address 
AO to A4 



CE 




,. a 



OE 



Din 



^ 



A 






^, A\ A A A\ g 



'^r^sT'w \y \y w^s 



^HD-CX^X^X^ 



RDY/BUSY 



^. 



JT 
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HN58C65 Series 



• Automatic Page Write 

Page-mode write feature allows 1 to 32 bytes of data to be written into the EEPROM in a single write cycle. 
Following the initial byte cycle, an additional 1 to 31 bytes can be written in the same manner. Each 
additional byte load cycle must be started within 30ius of the preceding rising edge of the WE. 



• DATA Polling 

Data polling allows comparison operation to determine the status of the EEPROM. During a write cycle, an 
attempted read of the last byte written in the EEPROM results in the complement data of that byte at 1/07. 

• RDY/Busy Signal 

RDY/Busy signal can be also used to determine the status of the EEPROM. The RDY/Busy signal has 
high impedance, except in a write cycle and is lowered to Vql ^^er the first write signal. At the end of 
a write cycle, the RDY/Busy signal changes state to high impedance. 

• Wf, Cf Pin Operation 

During a write cycle, addresses are latched by the falling edge of WE or CE and data is latched by the rising 
edge of WE or CE. 

• Data Protection 

To protect the data during operation and power on/off, the HN58C65 has the internal functions described 
below. 



1. Data Protection against Noise on Control Pins (CE, OE, WE) during Operation 

During readout or standby, noise on the control pins 

may act as a trigger and turn the EEPROM to 

program mode by mistake. 

To prevent this phenomenon, the HN58C65 has a 

noise cancellation function that cuts the noise if its 

width is 20ns or less in program mode. Be careful 

not to allow noise of a width of more than 20ns on 

the control pins. 



-^ 



fV- 



M 



OE — ^'l V 
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HN58C65 Series - 



2. Data Protection at Vcc On/Off 



2-1 



Prevention of unintentional programming at 
Vcc on/off. 

When Vcc is turned on or off, the noise on the 
control pins generated by external circuits (CPU, 
etc.) may act as a trigger and turn the EEPROM to 
program mode by mistake. To prevent this un- 
intentional programming, the EEPROM must be 
kept in an unprogrammable state while the CPU is 
in an unstable state. 



In addition, when Vcc is turned on or off, the 
input level of on control pins must be held as 
shown in the table below. 



CE 


Vcc 


X 


X 


OE 


X 


Vss 


X 


WE 


X 


X 


Vcc 



X: Don't care. 
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HN58C66 Series 



8192-Word x 8-Bit CI\/IOS Electrically Erasable and Programmable ROM 



The Hitachi HN58C66 is a 64k CMOS EEPROM (electrically 
erasable and programmable ROM), featuring data protection by 
program reset. It realizes low power consumption (60 mW typ) and 
a high level of reliability (10^ erase/write cycles and 10 year data 
retention), employing MNOS memorytechnology and CMOS process 
and circuitry technology. No external circuit for data protection is 
required since a program reset function is added, so its system 
design is easy. It Is suitable for IC cards and memory cards. 



Features 

• Single 5 V supply 

• On chip latches: address, data, CE, OE, WE 

• Automatic byte write: 1 ms max 

• Automatic page write (32 bytes): 10 ms max 

• High speed: Access time 250 ns max 

• Low power dissipation 

Active mode: 20 mW/MHz typ 

Standby mode: 2 mW typ 

• Data polling and RDY/Busy 

• Data protection circuit on power on/off 

• Conforms to JEDEC byte-wide standard 

• Reliable CMOS with MNOS cell technology 

• 1 0^ erase/write cycles (in page mode) and 1 year data retention 

• Program reset by RES 



Pin Arrangement 



RDY/Busy 








T 


\J 


3 Vcc 


A12 


2 




ID WE 


A7 


3 




26) RES 


A6 


4 




25] A8 


A5 


S 




E A9 


A4 


T 




23] All 


A3 


7 




ID 01 


A2 


8 




ID AlO 


Al 


T 




E CE 


AO 


10 




ID 1/07 


l/OO 


11 




]i] 1/06 


I/Ol 


12 




ID 1/05 


1/02 


13 




iD 1/04 


Vss 


U 




Ts] 1/03 




(Top View) 





Ordering Information 



Type No. 


Access Time 


Package 


HN58C66P-25 


250 ns 


600-mil 28-pin plastic DIP (DP-28) 


HN58C66FP-25 


250 ns 


28-pin plastic SOF^ (FP-28D/DA) 



Note: T is added to the end of the type no. for an SOP of 3.00 mm (max) thickness. 



Pin Description 



Pin Name 


Function 


A0-A12 


Address 


I/O0-I/O7 


Input/Output 


OE 


Output enable 


CE 


Chip enable 


WE 


Write enable 


Vcc 


Power supply (+5 V) 


Vss 


Ground 


RDY/Busy 


Ready/Busy 


RES 


Program reset 




Hitachi America, Ltd. • Hitachi Plaza 
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HN58C66 Series 
Block Diagram 

















VccO— 
Vsso— ► 


High Voltage 
Generator 




1/00-1/07 
? ? 


■rCso p^ 


i 








1 1 






^ I 






I/O Buffer 

and 
Input Latch 




OE O U^ j 






CE o 

WE o— 


Control Logic and 
Timing 




$ 






* 




* 




AO o 

A4 

A5 
A12° 


Address 
Buffer 
and 
Latch 


=> 


Y _^ 
Decoder ' 


Y Gating 












i) 




=c> 


X _^ 

Decoder ~^ 


Memory 
Array 














\] 








Data Latch 























Mode Selection 



Mode 


CE 

(20) 


OE 

(22) 


WE 

(27) 


RDY/Busy 
(1) 


RES 

(26) 


vo 

(11-13, 15-19) 


Read 


ViL 


Vbl 


VlH 


High-Z 


Vh*» 


Dout 


Standby 


VlH 


X 


X 


High-Z 


X 


High-Z 


Write 


Vbl 


Vm 


VlL 


High-Z->VoL 


Vh 


Din 


Deselect 


ViL 


Vm 


VlH 


High-Z 


Vh 


High-Z 


Write inhibit 


X 
X 


X 
ViL 


VlH 
X 


High-Z 
High-Z 


X 
X 


I 


Data polling 


ViL 


ViL 


Vh 


Vol 


Vh 


Data out (I/07) 


Program reset 


X 


X 


X 


High-Z 


ViL 


High-Z 



Notes: *1. Refer to the recommended DC operating condition 
♦2. x = Don't care. 



Absolute l\/iaximum Ratings 








Item 


Symbol 


Value 


Unit 


Supply voltage*^ 


Vcc 


-0.6 to +7.0 


V 


Input voltage*^ 


Vin 


-O.5*^to-H7.0 


V 


Operating temperature range* ^ 


Topr 


to +70 


°c 


Storage temperature range 


Tstg 


-55 to +125 


°c 



Notes: *1. Relative to Vss 

*2. Vin min = -3.0 V for pulse width < 50 ns 

♦3. Including electrical characteristics and data retention 
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HN58C66 Series 



Recommended DC Operating Conditions 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input voltage 


ViL 
VlH 

Vh 


-0.3 

2.2 

Vcc-0.5 


— 


0.8 
Vcc+1 
Vcc+1 


V 
V 
V 


Operating temperature 


Topr 





— 


70 


°c 



DC Characteristics (Ta = 


= to +70^C, Vcc 


= 5V±10%) 








Item 


Symbol 




Min 


Typ 


Max 


Unit 


Test Conditions 


Input leakage current 


Ili 




— 


— 


r' 


^lA 


Vcc=5.5 V.Vin = 5.5 V 


Output leakage current 


Ilo 




— 


— 


2 


^A 


Vcc = 5.5 V 
Vout = 5.5/0.4 V 


Vcc current (standby) 


Icci 




— 


— 


1 


mA 


CE = ViH 


Vcc current (active) 


ICC2 




— 


— 


8 


mA 


lout = mA, duty = 100% 
cycle = l|js 




— 


— 


25 


mA 


lout = mA, duty =100% 
maximum cycle 


Input low voltage 


Vbl 




-0.3*^ 


— 


0.8 


V 




Input high voltage 


VlH 




2.2 


— 


Vcc+ 1 


V 




Vh 


Vcc- 


-0.5 


— 


Vcc+1 


V 




Output low voltage 


Vol 




— 


— 


0.4 


V 


IoL=2.1 mA 


Output high voltage 


VOH 




2.4 


— 


— 


V 


loH = -400 nA 



Notes : *1. Ili on RES = 100 joA max. 

*2. ViL min = -1.0 V for pulse width < 50 ns 



Capacitance (Ta = 25X, f = l MHz) 



Item 


Symbol 


Min 


Typ- 


Max 


Unit 


Test Conditions 


Input capacitance 


Cin 


— 


— 


6 


pF 


Vin = OV 


Output capacitance 


Cout 


— 


— 


12 


pF 


Vout = OV 



AC Characteristics (Ta = to + 70X, Vcc = 5 V ± 10%) 



Test Conditions 

Input pulse levels: 
Input rise and fall time: 



0.4 V to 2.4 V 
<20 ns 



Output load: 1 TTL Gate + 1 00 pF 

Reference levels for measuring timing: 

Inputs; 0.8 V and 2.0 V 
Outputs; 0.8 V and 2.0 V 




Hitachi America, Ltd. 
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HN58C66 Series 



Read Cycle 



Item 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Address to output delay 


tACC 


— 


250 


ns 


CE = OE = ViL, WE = ViH 


CE to output delay 


tCE 


— 


250 


ns 


OE = ViL, WE = Vm 


OE to output delay 


tOE 


10 


100 


ns 


CE = ViL, WE = ViH 


Address to output hold 


tOH 





— 


ns 


CE = OE = ViL, WE = ViH 


OE high to output float 


tDF 





90 


ns 


CE = ViL,WE = ViH 


tDFR 


— 


350 


ns 


CE = OE = ViL,WE = ViH 


RES to output delay 


tRR 


— 


450 


ns 


CE = OE = ViL, WE = ViH 



Read Timing Waveform 


























> 








X 




Address 

> 


/ 


tACC 


^ 


toH, 




















CE 


^ 


'k 


/ 


€ 




tcE 


/ 








OE 

High 


\ 


^ 


^ 

*°^ 




toE 


















WE 










\ 


///^ 


Data Out Valid 


^\ 


Data 


tRR 


\\v 


V^ 


y 


RES / 










^ 








. 






\ 




T» IDFR ^ 




\ 


^ 
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Byte Erase and Byte Write Cycle ( WE Controlled ) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Address setup time 


Us 





— 


— 


ns 


J2E to write setup time 


tcs 





— 


— 


ns 


Write pulse width 


tWP 


200 


— 


— 


ns 


Address hold time 


tAH 


150 


— 


— 


ns 


Data setup time 


tDS 


100 


— 


— 


ns 


Data hold time 


tDH 


20 


— 


— 


ns 


CE hold time 


tCH 





— 


— 


ns 


OE to write setup time 


tOES 





— 


— 


ns 


OE hold time 


tOEH 





— 


— 


ns 


Data latch time 


tDL 


100 


— 


— 


ns 


Time to device busy 


tDB 


120 


— 


— 


ns 


Write cycle time 


twc 


— 


— 


10 


ms 


Byte load window 


tBL 


100 


— 


— 


M-s 


Reset protect time 


tRP 


100 


— 


__ 


las 


Reset high time 


tRES 


1 


— 


— 


M-s 



Byte Erase and Byte Write Timing Waveform (1) ( WE controlled ) 



Address 



CE 



^sx: 



^^. 



"N. 



^^W^S ^ 



RDY/Busy 



y 



: Xx\\\^^^ 



.^^. 



X 



^^ 



< 



DH , 



H /" 
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Byte Erase and Byte Write Cycie ( CE Controlled ) 








Item 


Symbol 


Min 


Typ 


Max 


Unit 


Address setup time 


tAS 





— 


— 


ns 


CE to write setup time 


tcs 





— 


— 


ns 


Write pulse width 


tew 


200 


— 


— 


ns 


Address hold time 


tAH 


150 


— 


— 


ns 


Data setup time 


tDS 


100 


— 


— 


ns 


Data hold time 


tDH 


20 


— 


— 


ns 


CE hold time 


tCH 





— 


— 


ns 


OE to write setup time 


tOES 





— 


— 


ns 


OE hold time 


tOEH 





— 


— 


ns 


Data latch time 


tDL 


100 


— 


— 


ns 


Time to device busy 


tDB 


120 


— 


— 


ns 


Write cycle time 


twc 


— 


— 


10 


ms 


Byte load window 


tBL 


100 


_ 


— 


^is 


Reset protect time 


tRP 


100 


— 


— 


^is 


Reset high time 


tRES 


1 


— 


— 


^s 



Byte Erase and Byte Write Timing Waveform (2) (CE controlled) 



^sx: 



CE 



\\\\\\x\^ . 



N. 



OE 



WN^wv r 



RDY/Busy 



RES 



Vcc 






< 



tDL 



toH 



^ 



^^ 



>- 



H /" 
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Page Erase and Page Write Cycle ( WE Controlled ) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Address setup time 


Us 





— 


— 


ns 


CE to write setup time 


tcs 





— 


— 


ns 


Write pulse width 


tew 


200 


_ 


— 


ns 


Address hold time 


tAH 


150 


— 


— 


ns 


Data setup time 


tDS 


100 


— 


— 


ns 


Data hold time 


tDH 


20 


— 


— 


ns 


CE hold time 


tCH 





— 


— 


ns 


OE to write setup time 


tOES 





— 


— 


ns 


OE hold time 


tOEH 





— 


— 


ns 


Data latch time 


tDL 


100 


— 


— 


ns 


Time to device busy 


tDB 


120 


— 


— 


ns 


Write cycle time 


twc 


— 


— 


10 


ms 


Byte load window 


tBL 


100 


— 


— 


^is 


Byte load cycle 


tBLC 


0.3 


— 


30 


M-s 


Reset protect time 


IRP 


100 


— 


— 


^s 


Reset high time 


tRES 


1 


— 


— 


^s 



Page Erase and Page Write Timing Waveform (1) (WE Controlled) 



Address 
A5 to 



Address 
AO 



RDY/Busy 



%. \)r~ x\\\\\\\\\\\\\\\\\\\\\\ 



SM ^ M ,,. A A A AV^ 






RES -^ 



J 




'W^W\^ \y \y 



\ss^ 



^>iSrv>Kii)-(EK!i> 



"^. 
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Page Erase and Page Write Cycle (CE Controlled) 








Item 


Symbol 


Min 


Typ 


Max 


Unit 


Address setup time 


tAS 





— 


— 


ns 


CE to write setup time 


tcs 





— 


— 


ns 


Write pulse width 


tew 


200 


— 


— 


ns 


Address hold time 


tAH 


150 


— 


— 


ns 


Data setup time 


IDS 


100 


— 


— 


ns 


Data hold time 


tDH 


20 


— 


— 


ns 


CE hold time 


tCH 





— 


— 


ns 


OE to write setup time 


tOES 





— 


— 


ns 


OE hold time 


tOEH 





— 


— 


ns 


Data latch time 


tDL 


100 


— 


— 


ns 


Time to device busy 


tDB 


120 


_ 


— 


ns 


Write cycle time 


twc 


— 


— 


10 


ms 


Byte load window 


tBL 


100 


— 


— 


[IS 


Byte load cycle 


tBLC 


0.3 


— 


30 


|LIS 


Reset protect time 


tRP 


100 


— 


— 


|LIS 


Reset high time 


tRES 


1 


— 


— 


^is 



Page Erase and Page Write Timing Waveform (2) (CE Controlled) 



Address 
A5 to A12 



Address 
AO to A4 



CE 



WE 



RDY/Busy 



RES 



X)CD< \\\\\\\\\\\\\\\\\\\W 



tAS 






tcs^ 

toES 



ID' 



tRP 



J' 



y 



(\. 



A A A A 



tT^^w \y \y Vi 



iy^ij-^0~^3-&~(E)- 



\ 



Xl 



XX 



twc 



tpES 
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Functional Description 

* Automatic Page Write 

Page-mode write feature allows 1 to 32 bytes of data to 
be written into the EEPROM in a single write cycle. Following 
the initial byte cycle, an additional 1 to 31 bytes can be 
written in the same manner. Each additional byte load cycle 
must be started within 30 ^s from the preceding falling edge 
of WE or CE. Data can be written and accessed 10^ times 
per page. Therefore, page write allows the data to be written 
1 0^ times In 32-byte units, 2x10^ times in 1 6-byte units, or 
4 X 10^ times in 8-byte units. 

* Data P oiiing 

Data polling allows the status of the EEPROM to be 
determined. If EEPROM is set to read mode during a write 
cycle, an inversion of the last byte of data to be loaded 
outputs from l/07to indicate that the EEPROM isperforming 
a write operation. 



* RDY/ Busy S ignal 

RDY/Busy signal also allows the status of the EEPROM 
to be determined.The RDY/Busy signal has high impedance 
except in write cycle and is lowered to Vol after the first write 
signal. At the end of a write cycle, the RDY/Busy signal 
changes state to high impedance. 

* WE, CE Pin Operation 

During a write cycle, addresses are latched by the falling 
edge of WE or CE, and data is latched by the rising edge of 
WEorCE. 

* RES Signal 

When RES is low, the EEPROM cannot be read or 
programmed. Therefore, data can be protected by keeping 
RES low when Vcc is switched. RES should be high during 
read and programming because it doesn't provide a latch 
function. 



* Data Protection 

Data Protection against Noise on Control 
Pins (CE, OE, WE) during Operation 

During readout or standby, noise on the 
control pins may act as a trigger and turn the 
EEPROM to program mode by mistake. 

To prevent this phenomenon, the HN58C66 
has a noise cancelation function that cuts 
noise if its width is 20 ns or less in program 
mode. 

Be careful not to allow noise of a width of 
more than 20 ns on the control pins. 








Vcc__7 


c \ 
Read inhibit Read inhibit 




"s 


V K 


\ 






Pn 


ogram in 


hibit 


Program 


inhibit 
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■ Under Development 
32768-Word x 8-Bit Electrically Erasable and Programmable CMOS ROM 



The Hitachi HN58C256 is an electrically erasable and 
programmable ROM organized as 32768-word x 8-bit. It realizes 
highspeed, lowpowerconsumption, and a high reliability, employing 
advanced MNOS memory technology and CMOS process and 
circuitry technology. It also has a 64-byte page reprogramming 
function to make Its erase and write operations faster. 



Features 

Single 5 V supply 

On-chip latches: address, data, CE, OE, WE 

Automatic byte write: 1 ms max 

Automatic page write (64 bytes): 

10 ms max 
Fast access time: 1 50 ns max / 200 ns max 

Low power dissipation: 20 mW/MHz, typ (Active) 

1 00 |LiW max (Standby) 

Data polling 

Data protection circuit on power on/off 

Conforms to JEDEC byte-wide standard 

Reliable CMOS with MNOS cell technology 

1 0^ erase/write cycles (in page mode) and 1 year data retention 



Pin Arrangement 











\^ 




A14 1 




28] Vcc 


A12 2 




ID WE 


A7 ± 




26] A13 


A6 ± 




25] A8 


A5 5 




m A9 


A4 6 




1] All 


A3 7 




H OE 


A2 ± 




ID AlO 


Al 9 




20] CE 


AO 10 




111 1/07 


I/OO 11 




il] 1/06 


I/Ol [n 




ID 1/05 


i/02 11 




m i/04 


Vss Qi 




iD 1/03 




(Top View) 





Ordering Information 



Type No. 


Access Time 


Package 


HN58C256P-15 
HN58C256P-20 


150 ns 
200 ns 


600-mil 28-pin 
plastic DIP (DP-28) 


HN58C256FP-15 
HN58C256FP-20 


150 ns 
200 ns 


28-pin 

plastic SOP* HFP-28D/DA) 



Notes: *1. T is added to the end of the type no. for an SOP of 3.00 mm (max) 

thickness. 

Die shipment is also available. Because the die has a RES pad, it can 
perform a reset function (refer to HN58C66 data sheet). 



Pin Description 



Pin Name 


Function 


A0-A14 


Address 


I/O0-I/O7 


InpuiyOutput 


OE 


Output enable 


CE 


Chip enable 


WE 


Write enable 


Vcc 


Power supply 


Vss 


Ground 



The specifications of this device are subject to change without notice. Please contact 
your nearest Hitachi's Sales Dept. regarding specifications. 
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Block Diagram 

















Vcco— ♦ 


High Voltage 
Generator 


l/OO— 1/07 
? ? 








1 1 




OEO 

CEO 

WEO 


[N 


I/O Buffer 

and 
Input Latch 




L^ 




Control Logic and 
Timing 






« 






i 




i 






AO o 

1 c^- 
A5 

A6 

o 

1 <^ 

A14 


Address 
Buffer 
and 
Latch 


=t> 


Y 
Decoder 


=> 


Y Gating 












i) 




=> 


X 
Decoder 


1 — 1> 


Memory 
Array 














fi 






Data Latch 
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Preliminary 



32768-Word x 8-Bit UV Erasable and Programmable ROM 



This Hitachi HN27C256AG is a 256-kbit ultraviolet erasable 
and electrically programmable ROM, featuring high speed and 
low power dissipation. 

Fabricated on advanced fine process and high speed circuitry 
technique, the HN27C256AG makes high speed access time 
possible for 16 bit microprocessors such as the 8086 and 68000. 
And low power dissipation in active and standby modes matches 
our CMOS 256-kbit EPROM. 

In programming operation, the HN27C256AG realizes faster 
programming time than our conventional 256-kbit EPROM by 
Hitachi's Fast High-Reliability Programming Algorithm. 

Pin arrangement, pin configuration and programming voltage 
are compatible with our 256-kbit EPROM series, therefore 
existing programmers can be used with the HN27C256AG. 

Features 

• High speed 

Access time 100/120/150ns (max.) 

• Low power dissipation 

Active mode 25 mW (typ.) (f = 1 MHz) 

Standby mode 5 juW (typ.) 

• High reliability and fast programming 

Programming voltage: +12.5V DC 

Fast High-Reliability Programming Algorithm available 

• Device identifier mode 

Manufacturer code and device code 



Ordering Information 






Type No. 


Access Time 


Package 


HN27C256AG-10 


100 ns 




HN27C256AG-12 


120 ns 


600-mil 28-pin cerdip 


HN27C256AG-15 


150 ns 






Pin Arrangement 



v>pjT 


Ky '" 


ijicc 


A12|T 




^ A14 


A7[T 




i] Aia 


A6[T 




^ A8 


A5(T 




^ A9 


A4[b] 




23] All 


A3(T 




ioE 


A2[T 




iijAio 


Al[T 




^CE 


AOQo 




JD 1/07 


i/oo[iT 




Isj 1/06 


I/01(]| 




n] 1/05 


1/02 (13 




16} 1/04 


Vss Ol 




iU 1/03 




(Top view) 



Pin Description 



Pin Name 


Function 


AO - A14 


Address 


I/O0-IO7 


Input/Output 


CE 


Chip enable 


OE 


Output enable 


vcc 


Power supply 


Vpp 


Programming power supply 


Vss 


Ground 



Note) The specifications of this device are subject to change without notice. 
Please conUict Hitachi's Sales Dept. regarding specifications. 
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Block Diagram 



o ifi«= 



A4-A9 
A12-A14 ' 



Address O— 



I/OO O- 



1/07 O 



;i=^ 



CE 0-|>H. 

oeCH>^ 



512X512 
Memory Matri; 



^^TTfThl 



fc^ 



2^ 



^ 




^ 



A0-A3 
AlO.All 



^>o High Threshold 
Inverter 



Mode Selection 



Mode 


CE 

(20) 


OE 

(22) 


A9 

(24) 


Vpp 

(1) 


s^ 


I/O 

(11 - 13, 15 - 19) 


Read 


ViL 


ViL 


X 


vcc 


Vcc 


Dout 


Output disable 


VJL 


VlH 


X 


vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


X 


Vcc 


Vcc 


HighZ 


Program 


ViL 


VlH 


X 


Vpp 


Vcc 


Din 


Program verify 


VlH 


ViL 


X 


Vpp 


Vcc 


Dout 


Optional verify 


ViL 


ViL 


X 


Vpp 


Vcc 


Dout 


Program inhibit 


VlH 


VlH 


X 


Vpp 


Vcc 


HighZ 


Identifier 


ViL 


ViL 


Vh*2 


Vcc 


Vcc 


Code 



Notes: 1. x = Don't care. 

2. F/^= 12.0V ± 0.5V. 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


All input and output Voltages*! 


Vin, Vout 


-0.6*2 to +7.0 


V 


A9 input voltage*! 


ViD 


-0.6*2 to +13.5 


V 


Fpp voltage*! 


Vpp 


-0.6 to +13.5 


V 


Fee voltage*! 


Vcc 


-0.6 to +7.0 


V 


Operating temperature range 


Topr 


to +70 


°c 


Storage temperature range 


Tstg 


-65 to +125 


°c 


Storage temperature range under bias 


Tbias 


-10 to +80 


°c 



Notes: 1. Relative to F55. 

2. Vin, Vout, F/£) min = -l.OV for pulse width ^ 50ns. 
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Capacitance {r^ = 25°C,/= 1 MHz) 












Parameter Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input capacitance Cin 


- 


4 


8 


pF 


Vin = OV 


Output capacitance Cout 


- 


8 


12 


pF 


Vout - OV 



Read Operation 

DC Characteristics {Ta = to +70°C, Vcc = 5V ±10%, F>/> = Vcc) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input leakage current 


ILI 


- 


- 


2 


mA 


Vin = OV to Vcc 


Output leakage current 


ILO 


- 


- 


2 


mA 


Vout = OV to Vcc 


Vpp current 


JPP\ 


- 


1 


20 


mA 


Fpp = 5.5V 


Standby Vcc current 
Operating 


JSB\ 


- 


- 


1 


mA 


CE = VIH 


ISBl 


- 


1 


20 


mA 


CE = Vcc ± 0-3V 


Jcc\ 


- 


- 


30 


mA 


CE = Vji, lout = mA 


Operating Vcc current 


icci 


- 


- 


30 


mA 


f =10MHz,/oi/^ = 0mA 




ICCi 


- 


5 


15 


mA 


f = 1 MHz, lout = mA 


Input low voltage* 3 


ViL 


-0.3*1 


- 


0.8 


V 




Input high voltage* 3 


VlH 


2.2 


- 


Kcc+1-0*^ 


V 




Output low voltage 


Vol 


- 


- 


0.45 


V 


IOL = ^-^ mA 


Output high voltage 


vom 


2.4 


- 


- 


V 


fOH = -^-^ "^A 


vom 


Vcc-0.7 


- 


- 


V 


/(9/f = -100M 



Notes: *1. F//, min = -l.OV for pulse width ^ 50ns. 

*2. Vjff max = Vcc + 1-5V for pulse width ^ 20ns. 

If Vjff is over the specified maximum value, read operation cannot be 
*3. Only defined for DC and long cycle function test. F//, max = 0.45V, 



to 70°C, Vcc = ~5V ±10%, Vpp = Vcc) 



guaranteed. 

Vjff min = 2.4V for AC function test. 



AC Characteristics (Ta 

Test condition 

• Input pulse levels: 0.45V to 2.4V 

• Input rise and fall times: ^ 10ns 

• Output load: 1 TTL Gate + lOOpF 

• Reference Ivels for measuring timing: 



Inputs; 
Outputs; 



0.8V and 2.0V 
0.8V and 2.0V 



Parameter 


Symbol 


HN27C256AG-10 
Min Max 


HN27C256AG-12 
Min Max 


HN27C256AG-15 
Min Max 


Unit 


Test Conditions 


Address to output delay 


Ucc 


- 


100 


- 


120 


- 


150 


ns 


CE = OE = F//, 


CE to output delay 


tCE 


- 


100 


- 


120 


- 


150 


ns 


OE = F/i 


OE to output delay 


tOE 


- 


60 


- 


60 


- 


70 


ns 


CE = F//, 


OE high to output float 


tDF 





35 





40 





50 


ns 


CE=F/i: 


Address to output hold 


tOH 


5 


- 


5 


- 


5 


- 


ns 


CE = OE=F/x 



Note: t[)p is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
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Read Timing Waveform 



X 



standby Mode 



\ 



Active Mode 



\ 



Data Out 



X 



/ 



/ 



Standby Mode 



\\^(\ \ Data Out Valid V^ 



Programming Operation 

Fast High-Reiiabiiity Programming 

This device can be programmed by the Fast 
High-Reliability Programming Algorithm shown in 
following flowchart. This algorithm offers both faster 
programming time and high reliability data retention. 
The theoretical programming time (except blank 



checking and verifying time) Is one-tenth of 
conventional high performance programming 
algorithms. Regarding the model and software 
version of the programmers available with this 
algorithm, please contact program manufacturer. 



C START ) 



SET PROG /VERIFY MODE 

Vpp = 12 5±0 5V Vcc = 6.0±0.25V 

i 



n = 

IE 



I n-i-Wn I 



Program tpw=0.2ms + 5^ 



{ Address 4-1-* Address "j 




VERIFY 

Too 



NOGO 



Program topw = 0.2n ms 



NO 




LAST 
Address? 



SET READ MODE 

Vcc = 5.0V ± 0.5V, Vpp=Vcc 




READ 
All Address 



NOGO 



GO 



Fast High-Reliability Programmmg Flowchart 




( FAIL ) 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1161 
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DC Characteristics {Ta = 25°C ± 5°C, Vcc = 6V ± 0.25V, Vpp = 12.5V ± 0.5V) 



Parameter 




Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input leakage current 




ILI 


- 


- 


2 


mA 


Vin = OV to Vcc 


Vpp supply current 




Ipp 


- 


- 


30 


mA 


CE = Vji 


Operating Vqc current 




Ice 


- 


- 


30 


mA 




Input low level 




ViL 


-0.1*5 


- 


0.8 


V 




Input high level 




VlH 


2.2 


- 


Fcc+0-5*6 


V 




Output low voltage during verity 


Vol 


- 


- 


0.45 


V 


IqI = 2.1 mA 


Output high voltage during 


verify 


VOH 


2.4 


- 


- 


V 


lOH = -400 mA 



Notes: 1. Vcc must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5 V. 

4. Do not alter Vpp either Vji to 12.5V or 12.5V or 12.5V to Vji when CE = Low. 

5. Vji min = -0.6V for pulse width ^ 20ns. 

6. If Vjff is over the specified maximum value, programming operation cannot be guaranteed. 

AC Characteristics (Ta = 25°C ± 5°C, Vcc = 6V ± 0.25V, Vpp = 12.5V ± 0.5V) 

Test Conditions 

t Input pulse levels: 0.45V to 2.4V 

• Input rise and fall times: S 20ns 

• Reference levels for measuring timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address setup time 


tAS 


2 


- 


- 


/us 


OE setup time 


^OES 


2 


- 


- 


MS 


Data setup time 


tDS 


2 


- 


- 


MS 


Address hold ^me 


tAH 





- 


- 


MS 


Data hold time 


tDH 


2 


- 


- 


MS 


Vpp setup time 


tVPS 


2 


- 


- 


MS 


Vcc setup time 


tvcs 


2 


- 


- 


MS 


CE initial programming pulth width 


tpw 


0.19 


0.20 


0.21 


ms 


CE overprogramming pulse width 


tOPW*^ 


0.19 


- 


5.25 


ms 


Data valid from OE 


tOE 





- 


150 


ns 


OE to output float delay 


tDF*^ 


- 


- 


130 


ns 



Notes: 1. Refer to the Fast High-Reliability Programming Fowchart for tQPn;. 

2. tj)p is defined as the time at which the output achieves the open circuit condition and data 
is no longer driven. 
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Fast High-Reliability Programming Timing Waveform 
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' DttL ( 


ut Valid 




I 




(OS 




(ON 




(OF 












ivn 


















tvc% 


M 
















^ 




. '0" . 


(oc 






\^inu, 








\ / 
















1 



High Performance Programming 

This device can be applied the high performance with this device. This algorithm allows to obtain 

programming algorithm shown in following flow- faster programming time without any voltage stress 

chart. This algorithm is as same as our 256-kbit to the device nor deterioration in reliability of 

EPROM series so existing programmers can be used programmed data. 



C START ) 



SET PROG /VERIFY MODE 

Vpp = 1 2 5 ± 0.5V Vcc =6 + 0.25V 



[ Address =0 | 



n = I 



I n + 1->n I 



Program tpw=1 0ms ±5% 



I Address -t-1 -^Address "j 




VERIFY 

Tgo 



Program toPw=3n i 



NO 




LAST 
Address"? 



YES 



SET READ MODE 

Vcc = 5.0V±0.5V, Vpp=Vcc 




READ 
All Address 



NOGO 



GO 



C END J 

High Performance Programmmg Flowchart 




C FAIL ) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1163 



HN27C256AG Series- 



DC Characteristics {Ta = 25°C ± 5^C, Vcc = 6V ± 0.25V, Vpp = 12.5V ± 0.5V) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input leakage current 


Jli 


- 


- 


2 


mA 


Vin = OV to Vcc 


Vpp supply current 


ipp 


- 


- 


30 


mA 


CE-VjL 


Operating Vcc current 


Jcc 


- 


- 


30 


mA 




Input low level 


ViL 


-0.1*5 


- 


0.8 


V 




Input high level 


VlH 


2.2 


- 


Kcc+0.5*6 


V 




Output low voltage during verify 


Vol 


- 


- 


0.45 


V 


/C^/, = 2.1mA 


Output high voltage during verify 


VOH 


2.4 


- 


- 


V 


lOH = -400 mA 



Notes: 1. Vcc n^ust be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5 V. 

4. Do not alter Vpp either Vji to 12.5V or 12.5V to Vji when CE = Low. 

5. Vji min = -0.6V for pulse width ^ 20ns. 

6. If Vjff is over the specified maximum value, programming operation, cannot be guaranteed. 



AC Characteristics (Ta = 25°C ± 5°C, Vcc = 6V ± 0.25V, Vpp= 12.5V ± 0.5V) 

Test Conditions 

• Input pulse levels: 0.45V to 2.4V 

• Input rise and fall times: ^ 20ns 

• Reference levels for measuring timing: 



Inputs; 0,8V and 2.0V 
Outputs; 0.8V and 2.0V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address setup time 


tAS 


2 


- 


_ 


MS 


OE setup time 


tOES 


2 


- 


- 


MS 


Data setup time 


tDS 


2 


- 


- 


MS 


Address hold time 


tAH 





- 


- 


MS 


Data hold time 


tDH 


2 


- 


- 


MS 


Vpp setup time 


^VPS 


2 


- 


- 


MS 


Vcc setup time 


tvcs 


2 


- 


- 


MS 


CE initial programming pulth width 


fpw 


0.95 


1.0 


1.05 


ms 


CE overprogramming pulse width 


toPW*^ 


2.85 


- 


78.75 


ms 


Data valid from OE 


tOE 





- 


150 


ns 


OE to output float delay 


tDF*2 


- 


- 


130 


ns 



Notes: 1, Refer to the high performance programming flowchart for tQp\^. 

2. tDp is defined as the time at which the output achieves the open circuit condition and data 
is no longer driven. 
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High Performance Programming Timing Waveform 
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Erase 

Erasure of HN27C256AG is performed by exposure 
to ultraviolet light of 2537 A and all the output 
data are changed to "V after this erasure pro- 
cedure. The minimum integrated dose (i.e. UV in- 
tensity X exposure time) for erasure is 15 
W* sec/cm^. 

Mode Description 

Device Identifier Mode 

Programming condition of EPROM is various 
according to EPROM manufacturers and device 
types. It may cause miss operation. To counter- 
measure it, some EPROMs provide maker identifier 
code. Users can write EPROM by reading out write 
condition coded before shipped. Some commercial 
programmers can set write condition by recognizing 
this code. This function enables effective program. 
Regarding commercial programmers that can re- 
cognize this device's identifier code, please contact 
programmer maker. 

HN27C256AG Series Identifier Code 




Identifier 


AO 
(10) 


1/07 

(19) 


1/06 
(18) 


1/05 

(17) 


1/04 
(16) 


1/03 
(15) 


1/02 
(13) 


I/Ol 

(12) 


I/OO 

(11) 


Hex Data 


Manufacturer code 


ViL 

















1 


1 


1 


07 


Device code 


VlH 








1 


1 











1 


31 



Notes: 1. A9 = 12.0V ± 0.5V. 

2. Al - A8, AlO - A14, CE, OE = F//,. 
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32768-Word x 8-Blt CMOS UV Erasable and Programmable ROM 



The Hitachi HN27C256HG is a 256-kbit ultraviolet erasable 
and electrically programmable ROM, featuring sub-100-ns access 
times. 

The HN27C256HG realizes access time of 70ns and 85ns, 
employing the advanced fine process and high speed circuitry 
technique. 

The timing conditions such as access time or output hold time 
are designed as same as our byte-wide SRAMs', allowing to use 
with SRAMs on the same memory board by the same read tim- 
ings. So its board design in 16-bit microprocessor systems is easy. 

Also, the HN27C256HG realizes faster programming time than 
our conventional 256-kbit EPROM by Hitachi's Fast High- 
Reliability Programming Algorithm. 

Pin arrangement, pin configuration and programming voltage 
are compatible with our 256-kbit EPROM series, therefore exist- 
ing programmers can be used with the HN27C256HG. 



Features 

• High speed Access time 70/85ns (max.) 

• Low power dissipation 

Active mode 30 mW (typ.) (f = 1 MHz) 

• High reliability and fast programming 

Programming voltage: +12.5V DC 

Fast High-Reliability Programming Algorithm available 

• Device identifier mode 

Manufacturer code and device code 



Ordering Information 






Type No. 


Access Time 


Package 


HN27C256HG-70 


70 ns 


600-mil 28-pin cerdip 


HN27C256HG-85 


85 ns 




Pin Arrangement 



v,,d 


1 28 


bvcc 


AIZC 


2 27 


Dau 


A7C 


3 26 


Dais 


A6C 


4 25 


DA8 


A5C 


5 24 


DA9 


A4C 


6 23 


I] All 


A3I: 


7 22 


Doe 


A2C 


8 21 


I]aio 


AlC 


9 20 


jm 


AOC 


10 19 


Di/07 


i/ooC 


11 18 


Dl/06 


1/01 C 


12 17 


Dl/05 


1/02 C 


13 16 


111/04 


VssC 


14 15 


111/03 




(Top View) 



Pin Description 



Pin Name 


Function 


AG - A14 


Address 


I/O0-IO7 


Input/Output 


CE 


Chip enable 


OE 


Output enable 


vcc 


Power supply 


VPP 


Programming power supply 


vss 


Ground 
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Block Diagram 



7^^ 



^4-^9 

A12-A14 ' 



Address O h ^ 



i/oo O-^ 






S12X512 
Memorv Matn 



fcl 



fe- 



S>^ 



3^ 



g^ 



5H 



A0-A3 
AlO.All 

(^ High Thresliold 
Inserter 



Mode Selection 



Mode 


CE 

(20) 


OE 

(22) 


A9 
(24) 


Vpp 

(1) 


Vcc 

(28) 


I/O 

(11-13,15-19) 


Read 


ViL 


ViL 


X 


vcc 


Vcc 


Dout 


Output disable 


ViL 


VlH 


X 


vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


X 


Vcc 


Vcc 


HighZ 


Program 


ViL 


VlH 


X 


Vpp 


Vcc 


Din 


Program verify 


VlH 


ViL 


X 


Vpp 


Vcc 


Dout 


Optional verify 


VJL 


ViL 


X 


Vpp 


Vcc 


Dout 


Program inhibit 


VlH 


VlH 


X 


Vpp 


Vcc 


HighZ 


Identifier 


ViL 


ViL 


Vh*2 


Vcc 


Vcc 


Code 



Notes: 1. x = Don't care 

2. F/f= 12.0V ± 0.5V. 

Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


All input and output voltages*! 


Vin, Vout 


-0.6*2to +7.0 


V 


A9 input voltage*! 


ViD 


-0.6*2 to +13.5 


V 


Kpp voltage*! 


Vpp 


-0.6 to +13.5 


V 


^CC voltage*! 


Vcc 


-0.6 to +7.0 


V 


Operating temperature range 


Topr 


to +70 


^c 


Storage temperature range 


Tstg 


-65 to +125 


**c 


Storage temperature range under bias 


Tbias 


-10 to +80 


"c 



Notes: 1. Relative to F^^. 

2. Vin, Vout, VjD min = 



-l.OV for pulse width ^ 50ns. 




Capacitance {Ta = 25°C, f = 1 MHz) 












Parameter Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input capacitance Cin 


- 


4 


8 


PF 


Vin = OV 


Output capacitance Cout 


- 


8 


12 


PF 


Vout = OV 
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Read Operation 

DC Characteristics {Ta = to +70°C, Vcc = 5V ± 10%, Vpp = Vcc) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input leakage current 


ILI 


- 


- 


2 


mA 


Vin = OV to Vcc 


Output leakage current 


ILO 


- 


- 


2 


mA 


Vout = OV to Vcc 


Vpp current 


IPP\ 


- 


1 


100 


mA 


Vpp^'S.SY 


Standby VcC current 


ISB 


- 


- 


15 


mA 


CE = VjH 




icc\ 


- 


- 


30 


mA 


CE= VjiJout = mA 


Operating Vcc current 


icci 


- 


- 


50 


mA 


f = 15 MHz, lout = 0mA 




JCC3 


- 


5 


15 


mA 


f = 1 MHz, lout = mA 


Input low voltage *3 


ViL 


-0.3*1 


- 


0.8 


V 




Input high voltage* 3 


VlH 


2.2 


- 


Fcc+i.o*2 


V 




Output low voltage 


Vol 


- 


- 


0.45 


V 


7(9/, = 2.1mA 


Output high voltage 


vom 


2.4 


- 


_ 


V 


/0// = -1.0 mA 


VOHl 


Fcc-0.7 


- 


- 


V 


IOH = -^00nA 



Notes: 1. F//, min = -1.0 V for pulse width ^ 50ns. 

2. VlH "^ax = Vcc + 1-5V for pulse width ^ 20ns. 

If Vjff is over the specified maximum value, read operation cannot be guaranteed. 

3. Only defined for DC and long cycle function test. Vji max = 0.45V, Vjjfj min = 2.4V for AC function test. 

AC Characteristics (Ta = to +70°C, Vcc = 5V ± 10%, Vpp = Vcc) 
Test conditions 

• Input pulse levels: 0.45V to 2.4V 

• Input rise and fall times: ^ 10ns 

• Output load: 1 TTL Gate + 100 pF 

• Reference levels for measuring timing: 



Input; 1.5V 
Outputs; 1.5V 



Parameter 


Symbol - 


HN27C256 HG-70 
Min Max 


HN27C256 HG-85 
Min Max 


- Unit 


Test Conditions 


Address to output delay 


tACC 


_ 


70 


- 


85 


ns 


CE = OE=m 


CE to output delay 


tCE 


- 


70 


- 


85 


ns 


OE = ViL 


OE to output delay 


tOE 




40 


- 


45 


ns 


CE=F/jr 


OE high to output float 


tDF 





30 





30 


ns 


CE = VjL 


Address to output hold 


tOH 


5 


- 


5 


- 


ns 


CE = OE = VjL 



Note: t£)p is defined as the time at which the output achieves the open circuit condition and data is no longer driven 



Read Timing Waveform 

Address 



)( 



Standby Mode 



OE 



Data Out 



X 



\ 



Active Mode 



/ 



\ 



tACC 



m 



/ 



standby Mode 



*.i£l. 



Data Out Valid 



:^s 



li 



'^ 
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Programming Operation 

This device can be programmed by the Fast 
High-Reliability Programming Algorithm shown in 
following flowchart. This algorithm offers both faster 
programming time and high reliability data retention. 
The theoretical programming time (except blank 



checking and verifying time) is one-tenth of 
conventional high performance programming 
algorithms. Regarding the model and software 
version of the programmers available with this 
algorithm, please contact program manufacturer. 























C START ) 




















SET PROG /VERIFY MODE 

Vpp = 12.5±0 5V Vcc=6 0±0 25V 








1 










1 Addre 


ss=0 1 






1 




1 n=0 1 














NO 




1 n-M->n 1 




Program tpw = 0.2ms±5% | 


^^ 


1^ ..„„„ 


1 Address -I-1-* Address | <r^ VERIFY ^^> """" , 






" 


GO 


"^^^Cj^^"""^ 


Program topw = 0.2n ms | 


NO^.--^^ U 


[yes 




YES 








^-^^.^^Add 




SET READ MODE 

Vcc = 5.0V±0.5V, Vpp = Vcc 






<!I!^^AII A 


^AD ^,..,^ NOGC 


) 




ddress^,,....-^--^ 

Too 








( END J 


: FAIL ) 






Fa 


St High-Reliability Programmmg Flowchart 









DC Characteristics {Ta = 25''C ± 5°C, Vqc = 6V ± 0.25V, Vff = 12.5V ± 0.5V) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input leakage current 


lu 


- 


- 


2 


mA 


Vin = OV to Vcc 


Vpp supply current 


Ipp 


- 


- 


30 


mA 


CE= VjL 


Operating Vqq current 


Ice 


- 


- 


30 


mA 




Input low level 


ViL 


-0.1*5 


- 


0.8 


V 




Input high level 


VlH 


2.2 


- 


Fcc+0.5*6 


V 




Output low voltage during verify 


Vol 


- 


- 


0.45 


V 


IOL=^'^^^ 


Output high voltage during verify 


VOH 


2.4 


- 


- 


V 


IOH = -^00nA 




Notes: 1. Vcc must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 13 V including overshoot, 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 

4. Do not alter Vpp either Vji to 12.5 V or 12.5 V to Vji when CE = Low. 

5. Vji min = -0.6V for pulse width S 20ns. 

6. If Vjff is over the specified maximum value, programming operation cannot be guaranteed. 
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AC Characteristics (Ta = 25''C ± 5^C, Vcc = 6V ± 0.25V, Vpp = 12.5V ± 0.5V) 

Test Conditions 

Input pulse levels: 0.45V to 2.4V 
Input rise and fall times: ^ 20ns 
Reference levels for measuring timing: 



Inputs; 
Outputs; 



0.8V and 2.0V 
0.8V and 2.0V 



Parameter 




Symbol 


Min 


Typ 


Max 


Unit 




Address setup time 




tAS 


2 


- 


- 


MS 




OE setup time 




tOES 


2 


- 


- 


jUS 




Data setup time 




tDS 


2 


- 


- 


JUS 




Address hold time 




tAH 





- 


- 


MS 




Data hold time 




tDH 


2 


- 


- 


MS 




Vpp setup time 




tVPS 


2 


- 


- 


MS 




^CC setup time 




tvcs 


2 


- 


- 


MS 




CE initial programming pulth width 


tpw 


0.19 


0.20 


0.21 


ms 




CE overprogramming pulse 


width 


toPW*^ 


0.19 


- 


5.25 


ms 




Data valid from OE 




tOE 





- 


150 


ns 




OE to output float delay 




tDF*^ 


- 


- 


130 


ns 





Notes: 1. Refer to the Fast High- Reliability Programming Flowchart for tQp^/. 

2. t£)f is defined as the time at which the output achieves the open circuit 
condition and data is no longer driven. 



Fast High-Reliability Programming Timing Waveform 
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High Performance Programming 



This device can be applied the high performance 
programming algorithm shown in following flow- 
chart. This algorithm is as same as our 256-kbit 
EPROM series, so existing programmers can be used 



with this device. This algorithm allows to obtain 
faster programming time without any voltage stress 
to the device nor deterioration in reliability of 
programmed data. 



C START ) 



SET PROG./VERIFY MODE 

Vpp = 12.5±0.5V Vcc=6.0±0.25V 



I 



I Address =0 I 



n=0 



J 



I n + 1-*n I 
I -J- 1 



Program tpw=1.0ms±5% 



I Address -i-1-» Address "j 




VERIFY 

Tgo 



Program toPw=3n ms 



NO 




LAST 
Address? 



YES 



SET READ MODE 
Vcc=5.0V±0.5V, Vpp=Vcc 





READ 
All Address 



GO 



c 



High Performance Programming Flowchart 



DC Characteristics (Ta = 


= 25°C 


±5°C, 


Fee = 6V± 0.25V, 


Fpi>= 12.5V ± 


0.5V) 






Parameter 




Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 




Input leakage current 




ILI 


- 


- 


2 


mA 


Vin = OV to Vcc 




Vpp supply current 




Ipp 


- 


- 


30 


mA 


CE-VjL 




Operating Vcc current 




Ice 


- 


- 


30 


mA 






Input low level 




ViL 


-0.1*5 


- 


0.8 


V 






Input high level 




VlH 


2.2 


- 


FcC+0.5*6 


V 






Output low voltage during verify 


Vol 


- 


- 


0.45 


V 


IOL = ^-^m^ 




Output high voltage during verify 


VOH 


2.4 


- 


- 


V 


lQff = ^400 fiA 






Notes: 1. Vcc "^"St be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 13V including overshot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5 V, 

4. Do not alter Vpp either Vji to 12.5V or 12.5V to F//, when CE = Low. 

5. Vji^ min = -0.6V for pulse width ^ 20ns. 

6. If Vjff is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C256HG Series - 



AC Characteristics (Ta = 25°C ± S^C, Vcc = 6V ± 0.25V, Vpp = 12.5V ± 0.5V) 



Test Conditions 

• Input pulse levels: 0.45V to 2.4V 

• Input rise and fall times: ^ 20ns 

• Reference levels for measuring timing: 



Inputs; 
Outputs; 



1.5V 
1.5V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address setup time 


tAS 


2 


- 


- 


MS 


OE setup time 


tOES 


2 


- 


- 


MS 


Data setup time 


tDS 


2 


- 


- 


MS 


Address hold time 


tAH 





- 


- 


MS 


Data hold time 


tDH 


2 


- 


- 


MS 


Vpp setup time 


tVPS 


2 


- 


- 


MS 


Vcc setup time 


tvcs 


2 


- 


- 


MS 


CE initial programming pulth width 


tpw 


0.95 


1.0 


1.05 


ms 


CE overprogramming pulse width 


topw*^ 


2.85 


- 


78.75 


ms 


Data valid from OE 


tOE 





- 


150 


ns 


OE to output float delay 


tDF*^ 


- 


- 


130 


ns 



Notes; 1. Refer to the high performance programming flowchart for tQp\^. 

2. t£)f is defined as the time at which the output achieves the open circuit 
condition and data is no longer driven. 



High Performance Programming Timing 


Waveform 












Address ) 


Program 


Program 
Verify 


)(- 


f 




tAS 




1 ♦... 










!■ ^^" 


(^ Data In Stable ) 






( Data Out Valid 


> 


Vpp 

Vpp iU 

Vcc + 1 
Vcc ^^ 






. tos 




. toH 




toF 








. tvPS 
















^ tvcs 


tpw 














CE ^ 


{ 


_, toES 


toE 












OE ^ 


^ ? 


{ 
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-HN27C256HG Series 



Erase 

Erasure of HN27C256HG is performed by ex- 
posure to ultraviolet light of 2537 A and all the out- 
put data are changed to '"[" after this erasure 
procedure. The minimum Integrated dose (I.e. UV 
intensity x exposure time) for erasure is 15 
W* sec/cm^. 

Mode Description 

Device Identifier Mode 

Programming condition of EPROM is various 
according to EPROM manufacturers and device 
types. It may cause miss operation. The counter- 
measure it, some EPROMs provide maker identifier 
code. Users can write EPROM by reading out write 
condition coded before shipped. Some commercial 
programmers can set write condition by recognizing 
this code. This function enables effective program. 
Regarding commercial programmers that can 
recognize this device's identifier code, please 
contact programmer maker. 

HN27C256HG Series Identifier Code 



Identifier 


AO 
(10) 


1/07 
(19) 


1/06 

(18) 


1/05 

(17) 


1/04 
(16) 


1/03 

(15) 


1/02 

(13) 


I/Ol 
(12) 


I/OO 
(11) 


Hex Data 


Manufacturer code 


ViL 

















1 


1 


1 


07 


Device code 


VlH 








1 


1 











1 


31 



Notes: 1. A9 = 12.0V ± 0.5V. 

2. Al - A8, AlO - A14, CE, OE = F//,. 
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HN27C256HG Series - 



SUPPLY CURRENT vs. SUPPLY VOLTAGE 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE 



1.5 



10 





Ta=25l 
f = 15M^ 


^z 




























^ 


" 



























4 5 6 

Supply Voltage Vqc (^) 



Supply Current Iqci (Normatized) 

p--_.ro 
o oi o in o 




1 
Vcc=5V 
f = 15MHz 

1 

























































20 40 60 80 

Ambient Temperature Ta (°C) 



SUPPLY CURRENT-FREQUENCY 



.a 



o 



j:^ 



1.0 



a 0.5 



Ta=2! 


V 






























^ 


-^ 








-^ 








'^ 











5 10 

Frequency f (MHz) 



ACCESS TIME - SUPPLY VOLTAGE 



•^ 2.0 



1.5 



§ 



4 5 6 

Supply Voltage Vqc (V) 



ACCESS TIME - SUPPLY VOLTAGE 



2.0 



g 
I 1.! 

B 

^ 1., 





Ta=25t 






















- 




^^ 

































4 5 6 

Supply Voltage Vqc (V) 



ACCESS TIME - AMBIENT TEMPERATURE 



2.0 



B 

^ 



1.0 





Vcc = 5V 




























___^^__, 




- 



























20 40 60 80 

Ambient Temperature Ta (°C) 
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-HN27C256HG Series 



OUTPUT VOLTAGE vs. OUTPUT CURRENT 



■^ 2.0 



OUTPUT VOLTAGE vs. OUTPUT CURRENT 



I 

§) 1.0 



T 
V 


a=25t; 
cc = 5V 


















/ 










/ 










/ 










/ 











12 3 4 

Output Current IqH (n^A) 



I 



1.5 



1.0 



0.5 





13 = 25^ 
Vcc=5V 

























































-0.5 -10 -15 
Output Current Iq}{ (mA) 



STANDBY CURRENT vs. SUPPLY VOLTAGE 



STANDBY CURRENT vs. AMBIENT TEMPERATURE 



% 2.0 



i<3 



t 1.0 



0.5 





Ta = 25t 


^ 

























































4 5 

Supply Voltage Vcc (V) 



2.0 



1.5 



0.5 





Vcc = 5V 












































' 















20 40 60 80 

Ambient Temperature Ta (°C) 
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65536-word x 8-bit UV Erasable and Programmable ROM 

The HN27512G Is a 65536-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged In a 28-pin dual in-line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit 
pattern, whereby a new pattern can then be written into the device. 

■ FEATURES 

• Single Power Supply +5V ±5% 

• High Performance Program Voltage: +12.5V D.C. 

Programming High Performance Programming 

Operations 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time 250/300ns (max.) 

• Absolute Max. Rating of 14.0V (max.) 

Vpp pin 

• Low Stand-by Current 40mA (max.) 

• Device Identifier Mode Manufacturer Code and Device 

Code 



ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HN27512G-25 


250ns 


600 mil 28 pin Cerdip 


HN27512G-30 


300ns 



BLOCK DIAGRAM 





PIN ARRANGEMENT 



AisjT 




lUvcc 


A12[T 




27)a14 


A7[T 




26|a13 


A6[r 




2||A8 


A5[l 




27) A9 


A4[6; 




|i)All 


A3(T 




22|OE/Vpp 


A2|T 




2T|A10 


Al(T 




ilCE 


AO(lO 




i|J 1/07 


i/oo(n 




ID 1/06 


i/oi[i| 




it] 1/05 


1/02 [H 




16)1/04 


VssJ^ 




iH 1/03 



(Top View) 



^ : High Tereshold 
Inverter 
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HN2751 2G Series 



■ MODE SELECTION 



^^"^^^^^--^^^^ Pins 
Mode ^^^^^---.__ 


CT 

(20) 


OE/Vpp 

(22) 


A9 
(24) 


vcc 

(28) 


I/O 

(11-13, 15-19) 


Read 


yjL 


ViL 


X 


Vcc 


Dout 


Output Disable 


ViL 


VlH 


X 


Vcc 


HighZ 


Standby 


VlH 


X 


X 


Vcc 


HighZ 


High Performance Program 


ViL 


Vpp 


X 


Vcc 


Din 


Program Verify 


ViL 


ViL 


X 


Vcc 


Dout 


Program Inhibit 


VlH 


Vpp 


X 


Vcc 


HighZ 


Identifier 


ViL 


ViL 


Vh'^ 


Vcc 


Code 



Notes) *1. X . . . Don't care 

*2. Vff. 12.0V ± 0.5V. 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


^opr 


to +70 


°C 


Storage Temperature Range 


Tst, 


-65 to +125 


**€ 


Storage Temperature Range Under Bias 


Tbias 


-10 to +80 


''C 


All Input and Output Voltages*^ 


VlN> Vout 


-0.6 to +7 


V 


Voltage on Pin 24 (A9)*^ 


VID 


-0.6 to +13.5 


V 


Vpp Voltage*^ 


Vpp 


-0.6 to +14.0 


V 


Vcc Voltage*! 


Vcc 


-0.6 to +7 


V 



Note) *1. with respect to Vgs- 



■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (ra = to +70°C, Kcc = 5V ±5%) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ju 


K/^^ = 5.25 V 


- 


- 


10 


mA 


Output Leakage Current 


Ilo 


Ko„t = 5.25V/0.45V 


- 


- 


10 


mA 


Vcc Current (Standby) 


^CCl 


CE^ViH 


- 


- 


40 


mA 


Vcc Current (Active) 


hc2 


CE = OE = ViL 


- 


45 


100 


mA 


Input Low voltage 


ViL 




-o.i'i 


- 


0.8 


V 


Input High Voltage 


VlH 




2.0 


- 


Kcc+1*^ 


V 


Output Low Voltage 


Vol 


/oL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage 


VOH 


/o//=-400mA 


2.4 


- 


- 


V 



Notes) *1. -0.6V for pulse width ^ 20ns 

*2. Vcc + 1-5V for pulse width ^ 20ns. If Vfff is over the specified maximum value, read operation cannot be 
guaranteed. 
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HN275126Series~ 



• AC CHARACTERISTICS (Ta = to +70°C, Vcc = 5V ±5%) 



Parameter 


Symbol 


Test Condition 


HN27512G-25 


HN275I2G-30 


Unit 


min. 


max. 


min. 


max. 


Addres to Output Delay 


Ucc 


CE = OE = r/x. 


- 


250 


- 


300 


ns 


CE to Output Delay 


tCE 


OE=^'/X. 


- 


250 


- 


300 


ns 


OE to Output Delay 


^OE 


CE-^^jL 


- 


100 


- 


120 


ns 


OE High Output Float 


tDF 


CE = K,^ 





60 





105 


ns 


Address to Output Hold 


^OH 


CE = OE = ViL 





- 





- 


ns 



Note: tjjp is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven. 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 

Input Rise and Fall Time: 

Output Load: 

Reference Level for Measuring Timing: 



0.45V to 2.4V 

<20ns 

1 TTLGate+lOOpF 

0.8V and 2.0V 



CE 



X 






M. 



X 



y 



• CAPACITANCE (Tg = 25°C, /= IMHz) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Capacitance 


except OE/Kpp 


Qnl 


K,.„ = OV 


- 


4 


6 


PF 




OE/FppPin 


Qn2 


Vin-OW 


- 


12 


20 


PF 


Output Capacitance 


^out 


Vout -OW 


- 


8 


12 


pF 
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-HN27512G Series 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 



Address+1 -► Address 



( START J 



SET PROG./VERIFY MODE 

Vpp= 12.5±0.3V, Kcc = 6.0±0.25V 



Address = 



n = 



n+1 -*n 



Program tpw= 1ms ±5% 




NOGO 



SET READ MODE 
Kcc = 5.0V±0.25V 




NOGO 



( END } 

High performance Programming Flowchart 



NO 



n=25 



YES 





C FAIL ^ 
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HN27512G Series - 



■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (7^ = 25°C ±5°C, Vcc = 6V±0.25V, Vpp = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


hi 


VjN^S.lSW 


- 


- 


10 


mA 


Output Low Voltage During Verify 


Vol 


/oL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


VoH 


/oh=-^00mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


hc2 




- 


- 


100 


mA 


Input Low Level 


ViL 




-0.1*1 


- 


0.8 


V 


Input High Level 


VlH 




2.0 


- 


Voc^-5 


*2 V 


Vpp Supply Current 


Ipp 


CE=VjL 


- 


- 


50 


mA 



Notes) *1. -0.6V for pulse width ^ 20ns. 

*2. If Vfff is over the specified maximum value, programming operation cannot be guaranteed. 



• AC PROGRAMMING CHARACTERISTICS (r^ = 25'*C±5°C, Vcc = 6V± 0.25V, Vpp = 12.5V±C 


.3V) 


Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


Data Setup Time 


tDS 




2 


- 


- 


MS 


Address Hold Time 


Uh 







- 


- 


MS 


Data Hold Time 


^DH 




2 


- 


- 


MS 


OE Hold Time 


^OEH 




2 


- 


- 


MS 


CE to Output Float Delay 


tDF*' 







- 


130 


ns 


Vpp Setup Time 


fyps 




2 


- 


- 


MS 


Vcc Setup Time 


^vcs 




2 


- 


- 


MS 


CE Pulse Width During Initial Programming 


^PW 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


^opyp' 




2.85 


- 


78.75 


ms 


Vpp Recovery Time 


^VR 




2 


- 


- 


MS 


Data Valid from CE 


^DV 




- 


- 


1 


MS 



Notes: *1. t£)F is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for tQPW- 
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HN27512G Series 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 



Address 



Data 



>; 



c 



Vpp 



OEIVpp 

Vcc 
CE 



Kcc + 1 
Vcc 



/ 



Program 



Us 



Data In Stable 



^DS 



/.. 



fvcs 



VJ 



tpw 



tDH 



> 



\ 



^OEH 



fVR 



\ 



Program Verify 



;<: 



< 



^DV 



tAH 



Data Out Valid 



/ 



tDF 



> 



■ ERASE 

Erasure of HN27512G is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W • sec/cm^. 



■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27512G SERIES IDENTIFIER CODE 



--..^..^^ Pins 
Identifier"" — ^^ 


Ao 
(10) 


1/07 
(19) 


1/06 
(18) 


1/05 
(17) 


1/04 
(16) 


1/03 
(15) 


1/02 
(13) 


I/Ol 
(12) 


I/OO 

(11) 


Hex 
Data 


Manufacturer Code 


ViL 

















1 


1 


1 


07 


Device Code 


VlH 


1 








1 





1 








94 



Notes: 1. A, = 12.0 ± 0.5V. 

2. A, -A,,A,o -A,,,€E,OE/Fpp=F/L. 
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HN27512GSeries- 



SUPPLY CURRENT vs. SUPPLY VOLTAGE 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE 







ra=25-C 












— 




ICC2 










. 




hex 


- 















Vcc = 5V 
















- 




Jcc^ 














^^ 


■~~-~ 


• 


H 


~M 


Icci 














■" 



.Supply Voltage Vcc (V) 



V|20 40 60 80 

Ambient Temperature Ta CO 



ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 



ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 



isau 


N 


V^^ 


ro=25*C 




^ 200 

S 

1 






^__^ 




r 

< 100 

< 

50 






































Vcc = 5V 






^ 















































Supply Voltage Vcc (V) 



20 40 60 80 

Ambient Temperature Ta (*C) 
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HN27C1024HG Series 

65536-Word X 16-Bit CIVIOS UV Erasable and Programmabie ROIVI 



The Hitachi NH27C1024HG is a 1-Mbit (64-kword x 16-bit) 
ultraviolet erasable and electrically programmable ROM. Fabricated 
on new advanced fine process technique, the HN27C1 024HG makes 
high speed access time 85/1 00 ns (max) possible. (HN27C1 024HG 
Is a fastest 1-Mbit EPROM.) Therefore, it is suitable for 16-bit 
microcomputer systems using high speed microcomputer such as 
the 8086 and 68000. The HN27C1024HG offers high speed 
programming using page programming mode. 



Features 

• Fast high-reliability programming mode and Fast high-reliability 
page programming mode 

Programming voltage: +12.5 V DC 

Fast High-reliability page programming 14 sec (typ) 

• High speed inputs and outputs TTL compatible during both read 
and program modes 

• Low power dissipation 

60 mW/MHz (typ) 

• Device identifier mode 

Manufacturer code and device code 

• JEDEC standard 



Ordering Information 



Type No. 



Access Time 



HN27C1024HG-85 
HN27C1024HG-10 



85 ns 600-mil 

100 ns 40-pm cerdip (DG-40A) 




Pin Arrangement 






Vpp c 


1 ^^-^ 


40 3 Vcc 


CEC 


2 


39 3 PGM 


1/015 C 


3 


38 


13 NC 


1/014 C 


4 


37 


3 A15 


1/013 C 


5 


36 


H A14 


1/012 C 


6 


35 


3 A13 


1/011 C 


7 


34 


H A12 


I/O10 C 


8 


33 


3 All 


1/09 C 


9 


32 


3 A10 


1/08 C 


10 


31 


3 A9 


Vss C 


11 


30 


=lVss 


1/07 C 


12 


29 


3M 


1/06 C 


13 


28 


D A7 


1/05 C 


14 


27 


3 A6 


1/04 C 


15 


26 


D A5 


1/03 C 


16 


25 


D A4 


1/02 C 


17 


24 


3 A3 


1/01 C 


18 


23 


D A2 


i/oo c 


19 


22 


H A1 


oEq 


20 


21 


3 AO 




(Top View) 







Pin Description 



Pin Name 


Function 


A0-A15 


Address 


VOO-I/015 


Input/Output 


^ 


Chip enable 


OE 


Output enable 


Vcc 


Power supply 


Vpp 


Programming 
power supply 


Vss 


Ground 


PGM 


Programming enable 


NC 


No connection 
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HN27C1024HG Series 



Block Diagram 



A15 o- 



1/00 o~^ 
I/015O- 



^o >o^» 

Vcco 

Vsso 



1,024X1,024 
Memory Matrix 



Y-Gating 



Y-Decoder 



X^ 



7^ 



AO A5 



1^ '- High Tlireshold Inverter 



Mode Selection 



Mode 


CE 

(2) 


OE 

(20) 


PGM 

(39) 


Vpp 
(1) 


Vcc 
(40) 


A9 
(31) 


vo 

(3-10, 12-19) 


Read 


ViL 


ViL 


Vm 


Vcc 


Vcc 


X 


Dout 


Output disable 


ViL 


VlH 


Vm 


Vcc 


Vcc 


X 


High-Z 


Standby 


Vm 


X 


X 


Vcc 


Vcc 


X 


High-Z 


Program 


ViL 


Vm 


ViL 


Vpp 


Vcc 


X 


Din 


Program verify 


ViL 


ViL 


Vm 


Vpp 


Vcc 


X 


Dout 


Page data latch 


Vw 


ViL 


Vm 


Vpp 


Vcc 


X 


Din 


Page program 


VlH 


Vm 


ViL 


Vpp 


Vcc 


X 


High-Z 


Program inhibit 


Vel 

ViL 

Vw 
Vm 


ViL 

Vm 

ViL 

Vm 


ViL 

Vm 
Vel 
Vm 


Vpp 


Vcc 


X 


High-Z 


Identifier 


ViL 


ViL 


Vm 


Vcc 


Vcc 


Vh 


Code 



Notes : x = Don 't care, Vh = 1 2.0 V ± 0.5 V 
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HN27C1024HG Series 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


All input and output voltages*^ 


Vin, Vout 


-0.6*^ to +7.0 


V 


A9 input voltage*^ 


ViD 


-0.6*^0+13.5 


V 


Vpp voltage** 


Vpp 


-0.6 to +13.0 


V 


Vcc voltage** 


Vcc 


-0.6 to +7.0 


V 


Operating temperature range 


Topr 


to +70 


°c 


Storage temperature range 


Tstg 


-65 to +125 


°c 


Storage temperature range under bias 


Tbias 


-10 to +80 


°c 



Notes : * 1 . Relative to Vss 

*2. Vin, Vout, ViD min = -1 .0 V for pulse width ± 50 ns 



Capacitance ( Ta = 25°C, f = 1 MHz ) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input capacitance 


Cin 


— 


— 


12 


pF 


Vin = OV 


Output capacitance 


Cout 


— 


— 


15 


pF 


Vout=OV 



Read Operation 



DC Characteristics ( Ta = to +70X, Vcc = 5 V ± 5%, Vpp = Vcc ) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input leakage current 


Jli 


— 


— 


2 


^A 


Vin = 5.25 V 


Output leakage current 


Ilo 


— 


— 


2 


^A 


Vout = 5.25 V/0.45V 


Vpp current 


Ippi 


— 


1 


20 


^A 


Vpp = 5.5 V 


Standby Vcc current 


ISB 


— 


— 


25 


mA 


CE = ViH 




Icci 


— 


— 


50 


mA 


CE = ViL, lout = mA 


Operating Vcc current 


ICC2 


— 


— 


110 


mA 


f= 12 MHz, lout = mA 




ICC3 


— 


— 


25 


mA 


f= 1 MHz, lout = mA 


Input low voltage*^ 


ViL 


-0.3*^ 


— 


0.8 


V 




Input high voltage*^ 


VlH 


2.2 


— 


Vcc+1.0*2 


V 




Output low voltage 


Vol 


— 


— 


0.45 


V 


IoL = 2.1 mA 


Output high voltage 


VOH 


2.4 


— 


— 


V 


loH = -400 pA 



Notes : * 1 . Vil min = -1 .0 V for pulse width < 50 ns. 

*2. ViH max = Vcc + 1.5 V for pulse width < 20 ns. 

If Vm is over the specified maximum value, read operation cannot be guaranteed. 
*3. Only defined for DC and long cycle function test. 



AC Characteristics ( Ta = to 70X, Vcc = 5 V ± 5 %, Vpp = Vcc ) 
Test Conditions 

• Input pulse levels: 0.45 V to 2.4 V 

• Input rise and fall times: < 10 ns 




Output load: 1 TTL Gate + 1 00 pF 

Reference levels for measuring timing: 
Inputs; 1.5V 

Outputs; 1 .5V 
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Item 


Symbol 


HN27C1024HG-85 
Min Max 


HN27C1024HG-10 
Min Max 


Unit 


Test Conditions 


Address to output delay 


tACC 


— 


85 


— 


100 


ns 


CE = OE=ViL 


CE to output delay 


tCE 


— 


85 


— 


100 


ns 


DE = ViL 


OE to output delay 


tOE 


— 


45 


— 


50 


ns 


CE = ViL 


6E high to output float 


tDF 





30 





50 


ns 


CE = ViL 


Address to output hold 


tOH 





— 





— 


ns 


CE = OE = ViL 



Note: tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 



Read Timing Waveform 



Address ) 


C 








> 


r 


CE Standby Mode 


S 


^ Active f 

tcE 


i/lode 


^ Standby Mode 










or 


s 


^ 


{ 




toE 




toF 








tACC 


*°« . 1 










- ■■1 






/ / / 




D^t^ /N.i. »/-i:j MMVw 








\\\ 




^-^^^^^ 4 


y 



Fast High-Reiiabiiity Programming 

This device can be applied the programming algorithm 
shown in following flowchart. This algorithm allows to obtain 
faster programming time without any voltage stress to the 



device nor deterioration in reliability of 
programmed data. 



( START ^ 



SET PROG. /VERIFY MODE 

Vpp = 12.5±0.3V Vcc=6.0±0.25V 



I Address =0 



"— 3E — 



I Address +1-» Address | 



n + 1-^n 

, ' t ' 

I Program tpw=0-2ms±5% 

NOGO 




VERIFY 

Igo 



I Program topw = 2n ms 



NO 




LAST 
^ddress^^ 

YES 




SET READ MODE 

Vcc = 5.0V±0.25V, Vpp=Vcc 




READ 
^11 Address. 



NOGO 



( END ) C >"AIL ) 

Fast High-Reliability Programming Flowchart 
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DC Characteristics ( Ta = 25°C ± 5X, Vcc = 6 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V ) 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input leakage current 




Ili 


— 


— 


2 


|iA 


Vin = 6.25 V/0.45 V 


Output low voltage during verify 


Vol 


— 


— 


0.45 


V 


IoL = 2.1 mA 


Output high voltage during 


verify 


VOH 


2.4 


— 


— 


V 


loH = -400 [lA 


Operating Vcc current 




Ice 


— 


— 


50 


mA 




Input low level 




ViL 


-0.1*5 


— 


0.8 


V 




Input high level 




VlH 


2.2 


— 


Vcc + 0.5'^ 


V 




Vpp supply current 




Ipp 


— 


— 


40 


mA 


CE = PGM = ViL 



Notes: *1. Vcc must be applied before Vpp and removed after Vrp. 
*2. Vw must not exceed 13 V including overshoot. 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5 V. 
♦4. Do not alter Vpp either Vil to 12.5 V or 12.5 V to Vil when CE = Low. 
♦5. Vil min = -0.6 V for pulse width < 20 ns. 
*6. If ViH is over the specified maximum value, programming operation cannot be guaranteed. 



AC Characteristics (Ta = 25X ± 5X, Vcc = 6 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V) 
Test Conditions 

• Input pulse levels: 0.45 V to 2.4 V • Reference levels for measuring timing: 

• Input rise and fall times: < 20 ns 0.8 V, 2.0 V 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Address setup time 




Us 


2 




— 


^is 


OE setup time 




tOES 


2 


— 


— 


^s 


Data setup time 




tDS 


2 


— 


— 


lis 


Address hold time 




tAH 





— 


— 


^is 


Data hold time 




tDH 


2 


— 


— 


^s 


OE to output float delay 




tDF*^ 





— 


130 


ns 


Vpp setup time 




tVPS 


2 


— 


— 


M-s 


Vcc setup time 




tvcs 


2 


— 


— 


^is 


PGM initial programming pulj 


;e width 


tPW 


0.19 


0.2 


0.21 


ms 


PGM overprogramming pulse 


width 


tOPW*2 


0.19 


— 


5.25 


ms 


CE setup time 




tCES 


2 


— 


— 


^is 


Data valid from OE 




tOE 





— 


150 


ns 



Notes: *1. top is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topw. 
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Fast High-Reliability Programming Timing Waveform 



>; 



< 



A 



Program 



Vfc + 1 / 

' Vcc ^ J^<-i>, 



CE \ 



PGM 
OE- 



I Stable ^K 




^ 



Program Verify 



:i>c 



J^ Data Out'Val 



/ 



Fast High-Reliability Page Programming 

This device can be applied the high performance page 
programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without 



any voltage stress to the device nor deterio- 
ration in reliability of programmed data. 



( START ) 



SET PAGE PROGRAM LATCH MODE 
Vpp = 12.5±0 3V Vcc=6 0±0 25V 



Address = o1 



n = 0| 

Tatch I 

I Address + 1 -^Address] 



SET PAGE PROG./VERIFY MODE 
Vpp = 125±0.3V Vrc=60 + 025V 



NO 



[Program tpw = 2ms + 5%| 



I Address + 1-» Address I 



I Program topw = 2n ms | 




NOGO 




SET READ MODE 

Vcc = 5 0V + 0.25V, Vpp = Vcc 



NOGO 



C END ) ( FAIL ) 

Fast High-Reliability Page Programming Flowchart 
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DC Characteristics ( Ta = 25X ± 5X, vcc = 


= 6V±0.25V,VpP: 


= 12.5 V ± 0.3 V ) 




Item 


Symbol 


Min 


Typ 




Max 


Unit 


Test Conditions 


Input leakage current 


Ili 


— 


— 




2 


^A 


Vin = 6.25 V/0.45 V 


Output low voltage during verify 


Vol 


— 


— 




0.45 


V 


IoL = 2.1mA 


Output high voltage during Verify 


VOH 


2.4 


— 




— 


V 


loH = -400 mA 


Operating Vcc current 


Ice 


— 


— 




50 


mA 




Input low level 


ViL 


-o.r^ 


— 




0.8 


V 




Input high level 


VlH 


2.2 


— 


Vcc-h0.5*« 


V 




Vpp supply current 


Ipp 


— 


— 




50 


mA 


PGM = ViL 



Notes: *1. Vcc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13 V including overshoot. 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5 V. 
♦4. Do not alter Vpp either Vil to 12.5 V or 12.5 V to Vil when CE = Low. 
*5. Vil min = -0.6 V for pulse width < 20 ns. 
*6. If ViH is over the specified maximum value, programming operation cannot be guaranteed. 



AC Characteristics (Ta = 25°C ± 5X, Vcc = 6 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V) 
Test Conditions 

• Input pulse levels: 0.45 V to 2.4 V • Reference levels for measuring timing: 

• Input rise and fall times: < 20 ns 0.8 V, 2.0 V 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Address setup time 




tAS 


2 


— 


— 


^s 


OE setup time 




tOES 


2 


_ 


— 


^is 


Data setup time 




tDS 


2 


— 


— 


^s 


Address hold time 




tAH 





— 


— 


^is 


tAHL 


2 


— 


— 


^s 


Data hold time 




tDH 


2 


— 


— 


lis 


OE to output float delay 




tDF*^ 





— 


130 


ns 


Vpp setup time 




tVPS 


2 


— 


— 


^s 


Vcc setup time 




tvcs 


2 


— 


— 


M-s 


PGM initial programming pulse width 


tPW 


0.19 


0.2 


021 


ms 


PGM overprogranuning 


pulse width 


tOPW*^ 


0.19 


— 


5.25 


ms 


CE setup time 




tCES 


2 


— 


— 


|LIS 


Data valid from OE 




tOE 





— 


150 


ns 


OE pulse width during data latch 


tLW 


1 


— 


— 


jis 


PCjKI setup time 




tPGMS 


2 


— 


— 


lis 


CE hold time 




tCEH 


2 


— 


— 


M-s 


6E hold time 




tOEH 


2 


— 


— 


^s 



Notes: *1. tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for tOPW. 
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Fast High-Reliability Page Programming Timing Waveform 



A1 to A15 \~ 



Page Data Latch 



AO 



Vcc 



CE 



PGM 



OE 



" C sfable" X 7^ 



Page Program 



i^3cz2^ z^<z^z::<z 



tcEH T^ 



v^ 



Program Verify 



:<i 



'%tr\^ 



Data Out Valid 



Xym^J 



Erase 

Erasure of HN27C1024HG is performed by exposure to 
ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure.The minimum 



integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W.sec/cm^. 



IVIode Description 

Device Identifier Mode 

The device identifier mode allows the reading out of 
binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this mode, the device will be 



automatically matched its own corresponding 
programming algorithm, using programming 
equipment. 



HN27C1024HG Identifier Code 




















Identifier 


AO VOS to I/015 
(21) (10) to (3) 


vol 

(12) 


I/06 

(13) 


I/05 

(14) 


I/04 
(15) 


I/03 
(16) 


I/02 

(17) 


I/Ol 
(18) 


voo 

(19) 


Hex 
Data 


Manufacturer code 


ViL X 

















1 


1 


1 


07 


Device code 


VlH X 


1 





1 


1 


1 





1 





BA 



Notes: x = Don't care, A9 = 12.0 V ± 0.5 V, A1-A8, A10-A15, CE, OE = Vil, PGM = Vm 
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Supply Current vs. Supply Voltage 



Supply Current vs. Ambient Temperature 



I 



^ 



u 

^ 0.8 

I 

0.6 



Ta = 25t 
Vin = Vcc/Vss 
f = 12MHz 












/ 






/ 


/ 


y 








/^ 









i. 



I 

I 

CO 



1.6 



1.2 



0.8 



0.4 







Vcc 
Vin = 


= 5.0V 
= Vcc/Vss 








^ 












■ 


^ 



















Supply Voltage Vcc(V) 



20 40 60 80 

Ambient Temperature Ta (°C) 



Supply Current vs. Frequency 



Access Time vs. Supply Voltage 



^ 1.0 
I 0.5 



C/3 

0.1 



Vcc = 
Ta-i 


5V 












Vin= 


Vcc/Vss 












= 












- 











































0.1 0.2 0.5 1.0 



10 20 



1.4 
^ 1-3 



^ 1.2 



w 1.0 

S 
H 

S2 0.9 
0^ 









Ta = 25t: 


\ 








\ 










\ 























4.5 



5.0 



6.0 



Frequency f(MHz) 



Supply Voltage Vcc (V) 



Access Time vs. Ambient Temperature 



'-S 1.2 



^ 1.1 



u 1.0 

1 

5J 0.9 

I 



8 



0.7 









Vcc = 5.0V 






^ 


/^ 






^ 




^ 


^ 























60 



Ambient Temperature Ta (°C) 
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131072-word X 8-blt CMOS U.V. Erasable and Programmable ROM 

■ FEATURES 

• Single Power Supply +5V ±5% 

• Fast High-Reliability Program Mode and Fast High- 
Reliability Page Program Mode Program Voltage: 

-H2.5V DC 
Fast High-Reliability Programming Available 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible during Both Read and 
Program Modes 

• Access Time 170/200/250ns (max.) 

• Low power Dissipation . . 50mW/MHz typ. (Active Mode) 

SjuWtyp. (Standby Mode) 

• Pin Arrangement 32-Pin JEDEC Standard 



■ ORDERING INFORMATION 



■ BLOCK DIAGRAM 



CEo 

OEo- 

PGM* 

Vr, 




Y DECODER 



Z-— >^ — ' 



^ 



A0-A4,A10,A11 



I5»- HIGH THRESHOLD 
INVERTER 




■ PIN ARRANGEMENT 



Type No. 


Access Time 


Package 


HN27C101G-17 


170ns 




HN27C101G-20 


200ns 


600-mil 32-pin Cerdip 


HN27C101G-25 


250ns 






(Top View) 



■ MODE SELECTION 



'"^^-^-^^^ Pins 
Mode ^^^^^^ 


CE 

(22) 


OE 

(24) 


PGM 

(31) 


Vpp 

(1) 


Vcc 

(32) 


I/O 
(13-15,17-21) 


Read 


yjL 


yjL 


yiH 


Vcc 


ycc 


Dout 


Output Disable 


VlL 


VlH 


yiH 


ycc 


ycc 


HighZ 


Standby 


Vm 


X 


X 


ycc 


ycc 


HighZ 


Program 


VlL 


VlH 


yiL 


Vpp 


ycc 


Din 


Program Verify 


yjL 


VlL 


ym 


Vpp 


ycc 


Dout 


Page Data Latch 


VlH 


VlL 


VlH 


Vpp 


ycc 


Din 


Page Program 


VlH 


yjH 


VlL 


Vpp 


ycc 


HighZ 




VlL 


VlL 


yjL 


Vpp 


Vcc 




Program Inhibit 


VlL 


yjH 


yiH 


HighZ 


VlH 


yjL 


VlL 




VlH 


yiH 


ym 





Note) 1. X: Don't care 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


All Input and Output Voltage** 


Vin^ Vout 


-0.6*2 to +7.0 


V 


Vpp Voltage*! 


Vpp 


-0 6 to +13.0 


V 


Vcc Voltage*! 


Vcc 


-0.6 to +7.0 


V 


Operating Temperature Range 


'opr 


to +70 


°c 


Storage Temperature Range 


Tst, 


-65 to +125 


°c 


Storage Temperature Rang^ Under Bias 


Thias 


-10 to +80 


''C 



Notes) *1. 
*2. 



With respect to V^s 

-l.OV for pulse width ^ 50ns. 



READ OPERATION 

DC CHARACTERISTICS (r^ =0 to +70°C, Kcc=5V±5%, Vpp-^Vcc) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


lu 


Vin=S.25V 


- 


- 


2 


mA 


Output Leakage Current 


Ilo 


Vout=^-25VI0A5y 


- 


- 


2 


mA 


Vpp Current 


hpi 


Vpp^5.5\ 


- 


1 


20 


mA 


Vqc Current 


hBi 


CE=VjH 


- 


- 


1 


mA 


hB2 


CE=t^CC*0 3V 


- 


1 


20 


AiA 




hci 


CE^VjL,Iout = OmA 


- 


- 


30 


mA 


Vcc Current 


^CC2 


f=5MHzJourOmAi 


- 


- 


30 


mA 




^CC3 


f=lMHz,Iout=OmA 


- 


- 


15 


mA 


Input Low Voltage 


ViL 




-0.3*1 


- 


0.8 


V 


Input High Voltage 


VlH 




2.2 


- 


Vcc^l*^ 


V 


Output Low Voltage 


Vol 


/0L = 2.1niA 


- 


- 


0.45 


V 


Output High Voltage 


VOH 


/oh=-400mA 


2.4 


- 


- 


V 



Notes) *1. -l.OV for pulse width ^ 50ns. 

*2. Vcc + 1 -^V for pulse width ^ 20ns. If Vjfj is over the specified maximum value, read operation cannot be 
guaranteed. 

• AC CHARACTERISTICS (Ta = to +70°C, Vcc = 5V ± 5%, Vpp = Vcc) 



Parameter 


Symbol 


Test Conditions 


HN27C101G-17 


HN27C101G-20 


HN27C101G-25 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


Address to Output Delay 


Ucc 


CE=OE=ViL 


- 


170 


- 


200 


- 


250 


ns 


CE to Output Delay 


tCE 


OE^VjL 


- 


170 


- 


200 


- 


250 


ns 


51 to Output Delay 


tOE 


CE=ViL 


10 


70 


10 


70 


10 


100 


ns 


OE High to Output Float 


tDF 


CE = F/L 





50 





50 





60 


ns 


Address to Output Hold 


tOH 


CE = OE = F/x, 





- 





- 





- 


ns 



Note) t[)p is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

• Test Condition input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Output Load : 1 TTL Gate + 1 0OpF 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 
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• CAPACITANCE (r^=25''C,/=lMHz) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Capacitance 


Cin 


Vin-^y 


- 


- 


10 


pF 


Output Capacitance 


^out 


Vout = OV 


- 


- 


15 


PF 



■ FAST HIGH-RELIABILITY PROGRAMMING 

This device can be applied the Fast High-Reliability 
Programming algorithm shown In following 
flowchart. This algorithm allows to obtain faster 
programming time without any voltage stress to the 
device nor deterioration in reliability of pro- 
grammed data. 




I GO _ 

Fast High-Reliability Programming Flowchart 
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DC PROGRAMMING CHARACTERISTICS (7;, = 25°C ±5°C, Kcc=6V ±0.25V, K/>p= 12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


'li 


Kf„=6.25V/0.45V 


- 


- 


2 


mA 


Output Low Voltage during Verify 


Vol 


/0L = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage during Verify 


yoH 


I OH = -400mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


Ice 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1*5 


- 


0.8 


V 


Input High Level 


VlH 




2.2 


- 


Kcc+Oi^ 


V 


Vpp Supply Current 


Iff 


CE = PGM=P'/^ 


- 


- 


40 


mA 



Notes) *1 
*2 
*3 
*4 
*5 
*6 



Vqq must be applied before Vpp and removed after Vpp. 

Vpp must not exceed 13V including overshoot. 

An influence may be had upon device reliabihty if the device is installed or removed while rpp=12.5V. 

Do not alter Vpp either Vn^ to 12.5V or 12.5V to Vn^ when CE = Low. 

-0.6V for pulse width ^ 20ns. 

If F/// is over the specified maximum value, programming operation cannot be guaranteed. 



• AC PROGRAMMING CHARACTERISTICS 

(7i=25°C ±5°C, Kcc=6V ±0.25V, K/»/>=12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


^OES 




2 


- 


- 


MS 


Data Setup Time 


fDS 




2 


- 


- 


MS 


Address Hold Time 


tAH 







- 


- 


MS 


Data Hold Time 


fDH 




2 


- 


~ 


MS 


OE to Output Float Delay 


tDF' 







- 


130 


ns 


Vpp Setup Time 


fyps 




2 


- 


- 


MS 


Vqc Setup Time 


Wcs 




2 


- 


- 


MS 


PGM Pulse Width during Initial Programming 


fpw 




0.19 


0.2 


0.21 


ms 


PGM Pulse Width during Overprogramming 


toPW*^ 




0.19 


- 


5.25 


ms 


CE Setup Time 


fCES 




2 


- 


- 


MS 


Data Valid from OE 


tOE 







- 


150 


ns 



Notes: *1. t[)p is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for toPW- 
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• SWITCHING CHARACTERISTICS 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Levels for Measurement Inputs; 0.8V and 2.0V 

Timing: Outputs; 0.8V and 2.0V 



Address 



Vcc 



Data- 

Vpf 
Vcc- 

Vcc 
Vcc 

CE 



PGM 
OE 



x: 



< 



Program 



Data In Stable 



Ids 



A 



f t\' 



\ 



tCES 



> 



h/ 



tPW 



tOES 



Program Verify 



k: 



tAH 



< 



tOE 



Data Out Valid 



N, / 



tUF 
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■ FAST HIGH-RELIABILITY PAGE PROGRAMMING 

This device can be applied the Fast High-Reliability Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

CSTART ) 



SET PAGE PROGRAM LATCH MODE 
V/r=12.5V±0.3V. Vi< =6.0V±0.25V 



I Address = I 

I Address - I- 1— ^Address | 

I Latch I 
j Address + l—» Address I 

rTatch I 

I Address + 1— •Address I 

' 1 ' 

I Latch I 



-C 



I n + i->n I 



SET PAGE PROG./VERIFY MODE 
V^/r = 12.5V±0.3V. Vn =6.0V±0.25V 

HZ 



NO 



Address -f 1— ♦Address 



I Program fpwr=0.2ms±5% | 
NOGO 



n = 25 



YES 



^VERIFT 

Tgo 




I Program fopy=0.2n ms | 




NO ^LAST" 

^ddressl^ 



SET READ MODE 
Vcc = 5. 0V±0. 25V, V'/'/' =Vcc 




READ 
Address, 



GO 



NOGO 



C END ) 

Fast High-Reliability Page Programming Flowchart 



C FAIL ) 



• DC PROGRAMMING CHARACTERISTICS (Ta=25X ±5°C, Vcc=^^ ±0.25V, K/>p=i2.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


lu 


^',„=6.25V/0.45V 


- 


- 


2 


mA 


Output Low Voltage during Verify 


Vol 


Iql = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage during Verify 


VoH 


/oh=-400mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


Ice 




- 


- 


30 


mA 


Input Low Level 


ViL 




-0.1*5 


- 


0.8 


V 


Input High Level 


VlH 




2.2 


- 


Voc^5*^ 


V 


Vpp Supply Current 


Ipp 


CE=0i«K,„.PGM*K/jr 


- 


- 


50 


mA 




Notes) *1. Vqc "*"st be applied before Vpp and removed after Vpp. 

*2. Vpp must not exceed 1 3V including overshoot. 

*3. An influence may be had upon device reliability if the device is installed or removed while Kpp=12.5V. 

*4. Do not alter Vpp either Vj^ to 12.5V or 12.5V to V^ when CE=Low. 

*5 . -0.6V for pulse width g 20ns 

*6. If Vjj{ is over the specified maximum value, programming operation cannot be guaranteed. 
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• AC PROGRAMMING CHARACTERISTICS 

(r^=25°C ±5°C, Fcc=6V ±0.25V, F/>/> = 12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


^OES 




2 


- 


- 


MS 


Data Setup Time 


^DS 




2 


- 


- 


MS 


Address Hold Time 


Uh 







- 


- 


MS 




Uhl 




2 


- 


- 


MS 


Data Hold Time 


^DH 




2 


- 


- 


MS 


OE to Output Float Delay 


to/' 







- 


130 


ns 


Vpp Setup Time 


fyps 




2 


- 


- 


MS 


Vcc Setup Time 


^vcs 




2 


- 


- 


MS 


PGM Pulse Width during Initial Programming 


fpw 




0.19 


0.2 


0.21 


ms 


PGM Pulse Width during Over programming 


fOPW*^ 




0.19 


- 


5.25 


ms 


CE Setup Time 


^CES 




2 


- 


- 


MS 


Data Valid from OE 


fOE 







- 


150 


ns 


OE Pulse Width during Data Latch 


^LW 




1 


- 


- 


MS 


PGM Setup Time 


fPGMS 




2 


- 


- 


MS 


CE Hold Time 


fCEH 




2 


- 


- 


MS 


OE Hold Time 


^OEH 




2 


- 


- 


MS 



Notes: *1. tDp is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for tQp\^. 



• SWITCHING CHARACTERISTICS 

• Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^20ns 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 

Page Data Latch Page Program Program Verify 

A2-Aih y~ 




oE-j^Krv"-\A~^ — lL/\yii!^/^ 



■ ERASE 

Erasure of HN27C101G is performed by exposure to ultraviolet light of 2537 A and all the output data 
are changed to "V after this erasure procedure. The minimum integrated dose (i.e. UV intensity x 
exposure time) for erasure is 15W» sec/cm^ 
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SUPPLY CURRENT vs. SUPPLY VOLTAGE 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE 



7-0=2 
Vin = 
/=5M 


/cc/Vss 


















^ 


^ 




^ 



















Kcc= 5.0V 
V/n=Vcc/Vs5 
/ = 5MHz 
























■ 



















Supply VolUge Vcc (V) 



20 40 60 80 

Ambient Temperature Ta CO 



SUPPLY CURRENT vs. FREQUENCY 



ACCESS TIME vs. SUPPLY VOLTAGE 





Ta = 25*C 

V,n=Vcc 


IVr- 
















/ 








^ 


^1 









































1 ... 



f. 1.0 

i 

0.9 









ra-25"C 


\ 








\ 










v^ 












-..^^^ 











01 0.2 0.5 1.0 2 5 10 

Frequency / (MHz) 



4.5 5.0 5 5 

Supply VolUge Vcc (V) 



ACCESS TIME vs. AMBIENT TEMPERATURE 



1 n 



H 0.9 
I 

0.8 









Vcc = 5.0V 












^^ 


---^ 


'"^ 




























20 40 60 

Ambemt Temperature Ta ( °C ) 
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HN27C301G Series 



131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 

■ FEATURES 

• Single Power Supply +5V ±5% 

• Fast High-Reliability Program Mode and Fast High- 
Reliability Page Program Mode 

Program Voltage: +12.5V DC 

Fast High-Reliability Programming Available 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time 170/200/250ns (max.) 

• Low power Dissipation .. 50mW/MHztyp. (Active Mode) 

B/uWtyp. (Standby Mode) 

• Pin Compatible with 1Mbit MASK ROM (28pin type) 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HN27C301G-17 


i70ns 




HN27C301G-20 


200ns 


600mil32pinCerdip 


HN27C301G-25 


250ns 





BLOCK DIAGRAM 



Y DECODER 




ff 



A0-A4.A10,A11 



1^- HIGH THRESHOLD 
INVERTER 




(Top View) 



■ MODE SELECTION 



^~~~~~^--~,^,^^ Pins 
Mode ^~"~~~-~~._^ 


CE 

(22) 


OE 

(2) 


PGM 

(31) 


Vpp 

(1) 


Vcc 
(32) 


I/O 

(13-15,17-21) 


Read 


VlL 


VlL 


Vm 


Vcc 


Vcc 


Dout 


Output Disable 


VlL 


Vm 


Vm 


Vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


X 


Vcc 


Vcc 


HighZ 


Program 


yjL 


VlH 


VlL 


Vpp 


Vcc 


Din 


Program Verify 


VlL 


VlL 


Vm 


Vpp 


Vcc 


Dout 


Page Data Latch 


VlH 


VlL 


Vm 


Vpp 


Vcc 


Din 


Page Program 


Vm 


VlH 


VlL 


Vpp 


Vcc 


HighZ 




VlL 


VlL 


VlL 


Vpp 


Vcc 




Program Inhibit 


VlL 


VlH 


Vm 


HighZ 


VlH 


VlL 


VlL 




VlH 


VlH 


Vm 





Note)*l. X: Don't care 
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ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


All Input and Output Voltages ^ 


'^in^ * out 


-0.6*2 ^0 +7 


V 


Vpp Voltage*! 


Vpp 


-0 6 to +13.0 


V 


Vcc Voltage*! 


Vcc 


-0.6 to +7.0 


V 


Operating Temperature Range 


* opr 


to +70 


°c 


Storage Temperature Range 


Tsti 


-65 to +125 


°c 


Storage Temperature Range Under Bias 


Tobias 


-10 to +80 


''C 



Notes) *1. With respect to F55. 

*2. -l.OV for pulse width ^ 50ns. 

■ READ OPERATION 

• DC CHARACTERISTICS {Ta = to +70°C, Vqc^SW ±5 



'o.Vpp^Vcc) 



Parameter 


Symbol 


Test Conditions 


mm. 


typ. 


max. 


Unit 


Input Leakage Current 


lu 


J^,„=5.25V 


- 


- 


2 


mA 


Output Leakage Current 


Ilo 


^'^^f=5.25V/0.45V 


- 


- 


2 


mA 


Vpp Current 


hpi 


^'pp=5.5V 


- 


1 


20 


mA 


Vcc Current 


hBi 


CE=K,H 


- 


- 


1 


mA 


hB2 


CE=Kcc±0.3V 


- 


1 


20 


mA 




^CCl 


CE=^'/L.^oM^ = OniA 


- 


- 


30 


mA 


Vqc Current 


hC2 


/=5MHz,/ouf=0mA 


- 


- 


30 


mA 




JCC3 


/=lMHz,/o„f=OmA 


- 


- 


15 


mA 


Input Low Voltage 


VlL 




-0.3*1 


- 


0.8 


V 


Input High Voltage 


VIH 




2.2 


- 


Fcc^l*^ 


V 


Output Low Voltage 


Vol 


/0L = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage 


VOH 


/OH=-400AiA 


24 


- 


- 


V 



Notes) * 1 . - 1 .0 V f or pulse width ^ 50ns. 

*2. Vcc ■*■ 1-5^ ^o^ ^vX^ width ^ 20ns. If F/// is over the specified maximum value, read operation cannot be 
guaranteed. 
• AC CHARACTERISTICS (7^=0 to +70°C, Kcc = 5V±5%, Vpp=Vcc) 



Parameter 


Symbol 


Test Conditions 


HN27C301G-17 


HN27C301G-20 


HN27C301G-25 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


Address to Output Delay 


^ACC 


CE =-0E = VjL 


- 


170 


- 


200 


- 


250 


ns 


CE to Output Delay 


^CE 


0E= ViL 


- 


170 


- 


200 


- 


250 


ns 


OE to Output Delay 


tOE 


CE=Fjx, 


10 


70 


10 


70 


10 


100 


ns 


OE High to Output Float 


fDF 


CE- VjL 





50 





50 





60 


ns 


Address to Output Hold 


tOH 


CE = OE = F//, 





- 





- 





— 1 


ns 



Note) tDp is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

• Test Condition input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Output Load: 1 TTL Gate + lOOpF 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 




^HITACHI 

Hitachi America, Ltd • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1201 



HN27C301GSerie8- 



cr 




• CAPACITANCE (r^=25°C,/=lMHz) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Capacitance 


Cin 


Vin-OV 


- 


- 


10 


pF 


Output Capacitance 


Cout 


Vout -OW 


- 


- 


15 


pF 



■ FAST HIGH-RELIABILITY PROGRAMMING 

This device can be applied the Fast High-Reliability Pro 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 




I GO ^ 

END J (^FAILJ 

Fast High-Reliability Programming Flowchart 
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HN27C301G Series 

DC PROGRAMMING CHARACTERISTICS (Ta = 25X ±5°C, Vcc^^^ ±0.25V, K/>p= 12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


/l/ 


J^/„=6.25V/0.45V 


- 


- 


2 


mA 


Output Low Voltage during Verify 


Vol 


Iql = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage during Verify 


VOH 


I OH = -400mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


Ice 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1*5 


- 


0.8 


V 


Input High Level 


VlH 




2.2 


- 


Fccm5*6 


V 


Vpp Supply Current 


Ipp 


CE = ?GM=ViL 


- 


- 


40 


mA 



Notes) * 1 . Vqc "i"st be applied before Vpp and removed after Vpp. 

*2. Vpp must not exceed 13V including overshoot. 

*3. An influence may be had upon device reliability if the device is installed or removed while Kpp=12.5V. 

*4. Do not alter Vpp either Vjj^ to 12.5V or 12.5V to Vji when CE = Low. 

*5 . -0.6V for pulse width ^ 20ns 

*6. If F/// is over the specified maximum value, programming operation cannot be guaranteed. 



• AC PROGRAMMING CHARACTERISTICS 

(rtf=25°C ±5°C, Vcc=^y ±0.25V, F/»/>=12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


fOES 




2 


- 


- 


MS 


Data Setup Time 


tDS 




2 


- 


- 


MS 


/ Iress Hold Time 


Uh 







- 


- 


MS 


Data Hold Time 


tDH 




2 


- 


- 


MS 


OE to Output Float Delay 


tDF*' 







- 


130 


ns 


Vpp Setup Time 


fvps 




2 


- 


- 


MS 


V^c Setup Time 


fvcs 




2 


- 


- 


MS 


PGM Pulse Width during Initial Programming 


tpw 




0.19 


0.2 


0.21 


ms 


PGM Pulse Width during Overprogramming 


tOPW*'^ 




0.19 


- 


5.25 


ms 


CE Setup Time 


fCES 




2 


- 


- 


MS 


Data Valid from OE 


tOE 







- 


150 


ns 



Notes) *1. tj)F is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for tQp\^. 
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• SWITCHING CHARACTERISTICS 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Levels for Measurement Inputs; 0.8V and 2.0V 

Timing: Outputs; 0.8V and 2.0V 



Address 



Data. 



Vpf 



Vcc 



Vpp 
Vcc- 

Vcc 
Vcc 

CE 



PGM 
OE 



X 



Program 



tAS 



/ Data In Stable ^^ 



ins 



/ Ul'iy 



/ t\ 



\ 



tCES 



h/ 



Program Verify 



k: 



tAH 



< 



tOh. 



Data Out Valid 



N, / 



tpy 



> 
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■ FAST HIGH-RELIABILITY PAGt PROGRAMMING 

This device can be applied the Fast High-Reliability Page Programming algorithm shown in following 

flowchart. 

This algorithm allows to obtain faster programming time without any voltage stress to the device nor 

deterioration in reliability of programmed data. 



(^ START 3 



SET PAGE PROGRAM LATCH MODE 
VV/-12.5V±0.3V. \\i -6.0V + 0.25V 



I Address ^0 | 



I Latch I 



[ Address-)- 1 — »Address j 



Latch 



Address + l—»Address I 

I LatclT] 
Address -f- 1— 'Address I 

m ' 



Latch 



I n+ -^n I 



SET PAGE PROG. VERIFY MODE 
V/'/' = 12.5V±0.3V. V(( -6.0V±0.25V 



I Program tpw = 0.2ms±5% \ 
NOGO 




NOGO 



NO 

25^ 



YES 




|G0 
C END ) 

Fast High-Reliability Page Programming Flowchart 



C FAIL 3 
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DC PROGRAMMING CHARACTERISTICS {Ta=2SX ±5°C, Kcc=6V ±0.25V, Vpp^n.SV ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


P',„=6.25V/0.45V 


- 


- 


2 


mA 


Output Low Voltage during Verify 


Vol 


Iql = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage during Verify 


VoH 


/o//= -400mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


ice 




- 




30 


mA 


Input Low Level 


VlL 




-0.1*5 




0.8 


V 


Input High Level 


VlH 




2.2 


- 


Fcc+0i*6 


V 


Vpp Supply Current 


Ipp 


CE=6E»K;„.PGM=K/jr 


- 


- 


50 


mA 



Notes) *1 
*2 
*3 
*4 
*5 
*6 



VcQ must be applied before Vpp and removed after Vpp. 

Vpp must not exceed 13V including overshoot 

An influence may be had upon device reliabihty if the device is installed or removed while Vpp=l2 5V. 

Do not alter Vpp either Vjj^ to 12.5V or 12.5V to Vj^ when CE=Low. 

-0.6V for pulse width ^ 20ns. 

If Vjfj is over the specified maximum value, programming operation cannot be guaranteed. 



• AC PROGRAMMING CHARACTERISTICS (High Performance Page Programming) 

{Ta=25X ±5X, Vcc^'bV ±0.25V, F/>/> = l2.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


fOES 




2 




- 


MS 


Data Setup Time 


^DS 




2 




- 


MS 


Adress Hold Time 


<AH 







"" 


- 


MS 




Uhl 




2 


- 


- 


MS 


Data Hold Time 


fDH 




2 


- 


- 


MS 


OE to Output Float Delay 


tDF*' 







- 


130 


ns 


Vpp Setup Time 


Wps 




2 


- 


- 


MS 


Vcc Setup Time 


^vcs 




2 


- 


- 


MS 


PGM Pulse Width during Initial Programming 


fpw 




0.19 


0.2 


0.21 


ms 


PGM Pulse Width during Overprogramming 


tOPW*^ 




0.19 


- 


5.25 


ms 


CE Setup Time 


^CES 




2 


- 


- 


MS 


Data Valid from OE 


tOE 







- 


150 


ns 


OE Pulse Width during Data Latch 


^LW 




1 


- 


- 


MS 


PGM Setup Time 


fPGMS 




2 


- 


- 


MS 


CE Hold Time 


^CEH 




2 


- 


- 


MS 


OE Hold Time 


^OEH 




2 


- 


- 


MS 



Notes) *1. t])F is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for tQPw;. 
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HN27C301G Series 



• SWITCHING CHARACTERISTICS 

• Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 



F*age Data l.atch Page Program Program Verify 



■•IX 



^"^oC3&cixzx: ic3cDtix:i( 







m ERASE 

Erasure of HN27C301G is performed by exposure to ultraviolet light of 2537 A and all the output 
data are changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity 
X exposure time) for erasure is 15W • sec/cm^. 
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SUPPLY CURRENT vs. SUPPLY VOLTAGE 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE 



1.4 

s 

J- 

1 



Ta=2 
Vin = \ 
/=5M 


5*C 

^cc/Vss 


















^ 


^ 


^ 





















Kcc = 5.0V 
Kin-Vcc/V« 
/=5MHz 










=— 












" " 



















Supply Voltage Vcc (V) 



* 20 40 60 80 

Ambient Temperature Ta (*C) 



SUPPLY CURRENT vs. 
FREQUENCY 



ACCESS TIME vs. SUPPLY VOLTAGE 



O 0.5 

I 





Vcc=5V ' 
ra=25*C 


















/ 








^ 


y 






' 



































0.1 0.2 0.5 1.0 2 5 10 

Frequency / (MHz) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 



1 
t! 1.0 



^ 






ro=25-c 


\ 








\ 










K 










^^ 


-.^ 











"4.0 4.5 5.0 5.5 6.0 

Supply Voltoge Vcc (V) 



I u 









Kcc =5.0V 












^^ 


^-^ 


"^ 



























Ambemt Temperature Ta (°C) 
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32768-word x 8-bit CMOS One Time Electrically Programmable ROM 

The HN27C256FP is a 32768-word by 8-bit one time electrically pro- 
grammable ROM. Initially, all bits of the HN27C256FP are in the "^" 
State (Output High). Data is introduced by selectively programming 
"0" into the desired bit locations. This device is packaged in a 28 pin 
plastic flat package (SOP). Therefore, this device cannot be re-written. 



■ FEATURES 

• Low Power Dissipation 40mW/MHz max. (Active Mode) 

1 lOjuW max (Standby Mode) 

• Access Time 250ns max. (HN27C256FP-25T) 

300ns max. (HN27C256FP-30T) 

• Single Power Supply 5V ± 5% 

• High Performance Programming . . Program Voltage: +12.5V DC 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and Program 
Modes 

• Absolute Max. Rating of Vpp pin. . . 14.0V 

• Device Identifier Mode Manufacturer Code and 

Device Code 



I BLOCK DIAGRAM 

o -p^ 




I PIN ARRANGEMENT 



A4-A9 
A12-A14 



■S^ 



i/ooO- 



1/07 O- 



CE 0-C>' 

oeC>-C>- 



512 X 512 
MEMORY MATRIX 



"r 



^fc-l 




^ 



3^ 



^ 



5H 



A0-A3,A10,A11 



^ moH THRESHOLD 
INVLRTLK 



Vpp(T 

Ai2[y 

A7(T 
A6(T 
A5|T 
A4|T 
A3(T 
A2(T 
Al[T 

Ao(To 

i/oo{n 

I/0l(T2 
1/02(13 

K«[iT 



^Vcc 
27] A14 
26] A13 
25] A8 
24] A9 
23] All 

iiJoE 

71] AlO 
20\Cl 
19] 1/07 
T%\ 1/06 
It] 1/05 

Te] 1/04 

Is] 1/03 
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HN27C256FP Series - 



MODE SELECTION 



^^""^^■~-^^.^,^^^^ Pins 
Mode ^^^^"^------^^ 


CE 

(20) 


OE 

(22) 


A9 
(24) 


Vpp 

(1) 


Vcc 

(28) 


I/O 
(11 - 13,15 -19) 


Read 


ViL 


VjL 


X 


Vcc 


Vcc 


Dout 


Output Disable 


ViL 


VlH 


X 


Vcc 


Vcc 


HighZ 


Standby 


VJH 


X 


X 


Vcc 


Vcc 


HighZ 


High Performance Program 


VJL 


VlH 


X 


Vpp 


Vcc 


Din 


Program Verify 


VjH 


ViL 


X 


Vpp 


Vcc 


Dout 


Optional Verify 


ViL 


ViL 


X 


Vpp 


Vcc 


Dout 


Program Inhibit 


VlH 


VlH 


X 


Vpp 


Vcc 


HighZ 


Identifier 


VjL 


ViL 


Vh*^ 


Vcc 


Vcc 


Code 


Notes) *1. X: Don't care. 

*2. Vh: 12.0 ± 0.5V. 

■ ABSOLUTE MAXIM! 


JM RATINGS 




Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


T'opr 


to +70 


•c 


Storage Temperature Range 


'^stg 


-55 to +125 


•c 


Storage Temperature Range Under Bias 


^bias 


-10 to +80 


°c 


All Input and Output Voltage* 


1 




VlN> VoUT 


-0.6*2 to +7 


V 


Voltage on Pin 24 (A9)*l 


ViD 


-0.6*2 to +13 5 


V 


Vpp Voltage*! 


Vpp 


-0.6 to +14 


V 


Vcc Voltage*! 


Vcc 


-0.6 to +7 


V 



Notes) *1. With respect to F55. 

*2. -l.OV for pulse width ^ 50ns. 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (7i = -- +70°C, Vcc = 5V ± 5%, Vpp = Vcc) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


ILI 


K,-„ = 5.25 V 


- 


- 


2 


mA 


Output Leakage Current 


ILO 


FoM^=5.25V/0.45V 


- 


- 


2 


mA 


Vpp Current 


JPPI 


K/>/>=5.5V 


- 


1 


20 


mA 


Vcc Current (Standby) 


hB\ 


CE=F/// 


- 


- 


1 


mA 


ISBl 


CE=Kcc±0.3V 


- 


1 


20 


mA 




icc\ 


CE=r//„/owr=OmA 


- 


- 


30 


mA 


Vcc Current (Active) 


^CCl 


/=5 MHz,/oj^^ = OmA 


- 


- 


30 


mA 




icci 


/= 1 MHz, /our = mA 


- 


- 


8 


mA 


Input Voltage 


ViL 




-0.3*1 


- 


0.8 


V 


VlH 




2.2 


- 


FCC+1.0*2 


V 




Vol 


^OL= 2.1 mA 


- 


- 


0.45 


V 


Output Voltage 


VOHl 


/OH=-400mA 


2.4 


- 


- 


V 




VOH2 


/C)//=-100iixA 


Vcc-0.1 




- 


V 



Notes) *1. -l.OV for pulse width ^ 50ns. 

*2. Vcc + 1-5V for pulse width S 20ns. If F/// is over the specified maximum value, read operation cannot be 
guaranteed. 
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-HN27C256FP Series 



• AC CHARACTERISTICS (7^ = to +70°C, Vcc = 5V ± 5% 


.Vpp-Vcc) 








Parameter 


Symbol 


Test Condition 


HN27C256FP-25T 


HN27C256FP-30T 




Min 


Max 


Min 


Max 


Unit 


Address to Output Delay 


tACC 


CE = OE = F/jr 


- 


250 


- 


300 


ns 


CE to Output Delay 


tCE 


OE = F/^ 


- 


250 


- 


300 


ns 


OE tq Output Delay 


tOE 


CE = K/^ 


10 


100 





120 


ns 


OE High to Output Float 


tDF 


CE = ViL 





60 





105 


ns 


Address to Output Hold 


tOH 


CE = OE = F/x 





- 





- 


ns 



Note: tDp is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven. 



• SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 
Input rise and fall time: 
Output load: 



0.45V to 2.4V 

<20ns 

1 TTLGate+lOOpF 



Reference level for measuring timing: 0.8V and 2.0V 



A 



X 



\ / 

Y Active Mode / 



• CAPACITANCE (rff=25**C,/=lMHz) 












Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit. 


Input Capacitance 


Cin 


F,.„ = 0V 


- 


4 


6 


PF 


Output Capacitance 


^out 


I^ouf^OV 


- 


8 


12 


PF 
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HN27C256FP Series- 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 



Address + 1 -♦ Address I 



SHPR()(. \FRIF'i MODF 



G 



I n + l->n 



Program /p» = 1ms ±5% 




Program tnpw =3n ms I 




SET READ MODE 



RE\D^s ^\'() GO 
^Ml \ddress. 





ICO 
; END ) (f\1iJ 

High Performance Programming Flowchart 



■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (rj=25°C±5°C, Fcc=6V±0.25V, F/>/> = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


mm. 


typ. 


max. 


Unit 


Input Leakage Current 


III 


K/Ar=6.25V/0.45V 


- 


- 


2 


fiA 


Output Low Voltage During Verify 


Vol 


lOL = 2.1 mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


VOH 


lOH = -'^OO mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


kC2 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1*5 


- 


0.8 


V 


Input High Level 


VlH 




2.2 


- 


Fcc+0i*6 


V 


Vpp Supply Current 


IPP2 


CE=yjL 


- 


- 


40 


mA 



Notes) *1. F(7(7 must be applied before Vpp and removed after Vpp. 

*2. Vpp must not exceed 14V including overshoot. 

*3. An influence may be had upon device reliability if the device is in stalled or removed while Vpp = 12.5 V. 

*4. Do not alter Vpp either Vji to 12.5V or 12 5V to Vji when CE = Low. 

*5. -0.6V for pulse width ^ 20ns. 

*6. If Vjfj is oyer the specified maximum value, programming operation cannot be guaranteed. 
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HN27C256FP Series 



• AC PROGRAMMING CHARACTERISTICS (7)7= 


=25°C±5°C. Kcc=6V±0.25V, F/>/>=12.5V±0.3V) 




Parameter 


Symbol 


Test Condition 


mm. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


^OES 




2 


- 


- 


MS 


Data Setup Time 


fDS 




2 


- 


- 


MS 


Address Hold Time 


Uh 







- 




MS 


Data Hold Time 


fDH 




2 


- 


- 


MS 


OE to Output Float Delay 


tDF*' 







- 


130 


ns 


Vpp Setup Time 


fVPS 




2 


- 


- 


MS 


Kcc Setup Time 


^vcs 




2 


- 


- 


MS 


CE Pulse Width During Initial Programming 


fpw 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Over programming 


tOPW*'^ 




2.85 


- 


78.75 


ms 


Data Valid from OE 


tOE 







- 


150 


ns 



Notes: *1. tDp is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for toPW- 



• SWITCHING CHARACTERISTICS 

TEST CONDITION Address 

Input pulse level: 0.45V to 2.4V 
Input rise and fall time: £20ns 
Reference level for °*" 

measuring timing: 0.8V and 2V 



y. 



Progrtm 



V>p V'cc 



/ 



2cc___J 



w 



\ 



d 



c 



J 



• HN27C256FP 


IDENTIFIER MODES 
















""■"^----.^,^^^^ Pins 
Identifier"^^^ — .....^ 


Ao 
(10) 


I/O, 
(19) 


I/O, 
(18) 


I/O5 
(17) 


I/O4 
(16) 


I/O3 
(15) 


I/O, 
(13) 


I/O, 
(12) 


I/Oo 
(11) 


Hex 
Data 


Manufacturer Code 


ViL 

















1 


1 


1 


07 


Device Code 


VlH 


1 





1 


1 














BO 



Notes: 1. A, = 12.0V ± 0.5V. 

2. Aj -A.,A,o -Aj4,CE.0E=F/£,. 

■ RECOMMENDED SCREENING CONDITIONS 

Before mounting, please make the screening (baking 
without bias) shown in the right. 



Program and 

Verify 

by Programmer 



X 




Baking at 

125 to 150°C 

for 24 to 48 hrs 



Jl 



Ensuring 
Read-out 



Mounting 



Recommended 
Screening conditions 

HITACHI 
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HM27C256FP Series - 



SUPPLY CURRENT vs. SUPPLY VOLTAGE 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE 



0.8 







Ta=25t: 
Vin = Vcc/Vss 
f=5MHz 








,/ 










^ 


y^ 















5 6 

Supply Voltage Vcc (V) 



6 

o 

z 1.2 



§ 10 



06 









Vcc=5V 
Vin = Vcc/Vss 
f = 5MH2 




































~ 

















20 40 60 

Ambient Temperature Ta (°C) 



ADDRESS ACCESS TIME vs. SUPPLY VOLTAGE 



ADDRESS ACCESS TIME vs. AMBIENT TEMPERATURE 



1 4 



1.0 



-fe 0.8 











Ta=z 


5^ 




\ 












\ 


\ 














^^ 



















5 6 

Supply Voltage Vcc (V) 



0.8 









V 


;c = 5.0V 
























. 





























20 40 60 80 

Ambient Temperature Ta (°C) 



STANDBY CURRENT vs. SUPPLY VOLTAGE 



1.4 



0.6 









Ta = 25t: 
CE = Vcc 
Dark Condition / 












/ 










/ 








y 


/ 










A 











Supply Voltage Vcc (V) 



STANDBY CURRENT vs. AMBIENT TEMPERATURE 

1.6 



2 1-4 

I 
o 

-- 1.2 



1.0 



0.6 









Vcc=5V 
CE = 5V 
Dark Condition 
















V 




■s^ 
















^.^ 

















20 40 60 80 

Ambient Temperature Ta (°C) 



* See Supply Voltage vs. Active Frequency, Access Time vs. Lord Capacitance, and Output Current vs. Output 
Voltage (1), (2) of HN27C256G. 
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65536-word x 8-bit One Time Electrically Programmable Read Only Memory 

The HN27512P is a 65536-word by 8-bit one time electrically pro- 
grammable ROM. Initially, all bits of the HN27512P are in the "1" 
state (Output High). Data is introduced by selectively programming 
"0" into the desired bit locations. This device is packaged in a 28 
pin, plastic dual in-line package. Therefore, this device can not be 
re-written. 



■ FEATURES 

• Single Power Supply -i-5V ±5% 

• High Performance Program Voltage: +12.5V D.C. 

Programming High Performance Programming 

Operations 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time 250/300ns (max.) 

• Absolute Max. Ratmg of 14.0V (max.) 

Vpp pin 

• Low Stand-by Current 40mA (max.) 

• Device Identifier Mode Manufacturer Code and Device 

Code. 



Ordering Information 






Part No. 


Access 


Package 


HN27512P-25 


250ns 


600 ma 


HN27512P-30 


300ns 


28-pin Plastic DIP 



Block Diagram 



-^^= 



1,024x512 
Memory Matrix 





Pin Arrangement 




AISJT 


V-/ 


^Vcc 


A12[T 




27\aU 


A7[T 




26] A13 


A6[T 




is] A8 


A5[r 




24] A9 


A4[T 




23] All 


A3{T 




iJoEA 


A2|T 




2]] AlO 


Al(T 




20]CE 


Ao[io 




[9] 1/07 


I/O0[ri 




[U 1/06 


i/oi \n 




|T7] 1/05 


1/02 [H 




51] 1/04 


Vss[m 




tsj 1/03 



(Top View) 



Pin Description 



Pin Name 


Function 


AO - A15 


Address 


I/OO - 1/07 


Input/Output 


CE 


Chip Enable 


OE 


Output Enable 


Vcc 


Power Supply 


Vpp 


Programming Power 
Supply 


Vss 


Ground 
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HN27512PSerie8- 



■ MODE SELECTION 



^^^^■^-^^^^ Pins 
Mode ^^"""^---^-....^^ 


CE 

(20) 


OE/Vpp 

(22) 


A9 
(24) 


vcc 

(28) 


I/O 

(11 -13, 15 ~ 19) 


Read 


ViL 


ViL 


X 


Vcc 


Dout 


Output Disable 


ViL 


VlH 


X 


Vcc 


HighZ 


Standby 


VlH 


X 


X 


Vcc 


HighZ 


High Performance Program 


ViL 


Vpp 


X 


Vcc 


Din 


Program Verify 


ViL 


ViL 


X 


Vcc 


Dout 


Program Inhibit 


VlH 


Vpp 


X 


Vcc 


HighZ 


Identifier 


ViL 


ViL 


Vh*2 


Vcc 


Code 



Notes) *1. X . . . Don't care 
*2. Vh: 12.0V ± 0.5V. 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


Topr 


to +70 


"C 


Storage Temperature Range 


r,„ 


-55 to +125 


''C 


Storage Temperature Range Under Bias 


Tbias 


-10 to +80 


°C 


All Input and Output Voltages*^ 


VlN> Vout 


-0.6 to +7 


V 


Voltage on Pin 24 (A9)** 


VID 


-0.6 to +13.5 


V 


Vpp Voltage*! 


Vpp 


-0.6 to +14.0 


V 


Vcc Voltage*! 


Vcc 


-0.6 to +7 


V 



Note) *1. With respect to Vss 



■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (7^ = to +70°C, Kcc = 5V ±5%) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


lu 


Kjjv = 5.25V 


- 


- 


10 


mA 


Output Leakage Current 


Jlo 


Vout = 5.25/0.45V 


- 


- 


10 


mA 


Vcc Current (Standby) 


hc\ 


CE=K/H 


- 


- 


40 


mA 


Vcc Current (Active) 


JCC2 


CE = OE = ViL 


- 


45 


100 


mA 


Input Low voltage 


ViL 




-0.1*1 


- 


0.8 


V 


Input High Voltage 


VlH 




2.0 


- 


Fcc+1*^ 


V 


Output Low Voltage 


Vol 


/0L = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage 


VOH 


/oh=-400mA 


2.4 


- 


- 


V 



Notes) *1. -0.6V for pulse width ^ 20ns 

*2. Vcc + 1-5V for pulse width ^ 20ns. If F/// is over the specified maximum value, read operation cannot be 
guaranteed. 
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HN27512P Series 



e AC CHARACTERISTICS (7^=0 to +70°C, Kcc = 5V ±5%) 



Parameter 


Symbol 


Test Condition 


HN27512P-25 


HN27512P-30 


Unit 


min. 


max. 


min. 


max. 


Addres to Output Delay 


^ACC 


CE = 6e=Vil 


- 


250 


- 


300 


ns 


CE to Output Delay 


tCE 


OE=Vji^ 


- 


250 


- 


300 


ns 


OE to Output Delay 


^OE 


CE=Vji^ 


- 


100 


- 


120 


ns 


OE High Output Float 


tOF 


CE=Vjj, 





60 





105 


ns 


Address to Output Hold 


fOH 


CE = OE=ViL 





- 





- 


ns 



Note: tDF is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven. 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 

Input Rise and Fall Time: 

Output Load: 

Reference Level for Measuring Timing: 



0.45V to 2.4V 

<20ns 

1 TTLGate+IOOpF 

0.8V and 2.0V 



X 


; x 


£ 






/ 
/ 




Stand by Mode 


V Active Mode 
tct 


e 

Stand by Mode 












^ 




tOi 




tDF 




lACC 


ioH 
















flUi 




t 


\ 




Wi 




i 


) 



CAPACITANCE {Ja = 25°C, /= IMHz) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Capacitance 


except OE/Vpp 


Cinl 


Vin = OV 


- 


4 


6 


pF 


OE/ Vpp Fin 


Qn2 


Vin = OV 


- 


12 


20 


pF 


Output Capacitance 


^out 


Vout = OV 


- 


8 


12 


pF 
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HN27512P Series - 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 



Address+1 -► Address 



( START 3 



SET PROG./VERIFY MODE 

Vpp= 12.5±0.3V, Kcc = 6.0±0.25V 



Address = 



n = 



n+1 ^n 



Program tpw = 1ms ±5% 




NOGO 



SET READ MODE 
Kcc = 5.0V±0.25V 




NOGO 



( END ) 

High performance Programming Flowchart 



NO 



YES 




( FAIL } 
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-HN2751 2P Series 



■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (7^ = 25°C±5°C, Kcc = 6V±0.25V, Vpp= 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


/l/ 


K/;v = 5.25 V 


- 


- 


10 


mA 


Output Low Voltage During Verify 


yoL 


Iqi = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


VOH 


/o//= -400/uA 


2.4 


- 


- 


V 


KccC""ent (Active) 


^CC2 




- 


- 


100 


mA 


Input Low Level 


VlL 




-0.1*1 


- 


0.8 


V 


Input High Level 


VlH 




2.0 


- 


Vcc+OjS 


*2 V 


Vpp Supply Current 


Ipp 


CE-ViL 


- 


- 


50 


mA 



Notes) *1. -0.6V for pulse width ^ 20ns 

*2. If K/// is over the specified maximum value, programming operation cannot be guaranteed. 

• AC PROGRAMMING CHARACTERISTICS (r^ = 25*'C±5°C, Kcc = 6V± 0.25V, Vpp = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 






- 


- 


MS 


Data Setup Time 


fDS 






- 


- 


MS 


Address Hold Time 


Uh 






- 


- 


MS 


Data Hold Time 


^DH 






- 


- 


MS 


OE Hold Time 


^OEH 






- 


- 


MS 


CE to Output Float Delay 


top' 






- 


130 


ns 


Vpp Setup Time 


fyps 






- 


- 


MS 


Vqq Setup Time 


fvcs 






- 


- 


MS 


CE Pulse Width During Initial Programming 


fpw 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


topw*'^ 




2.85 


- 


78.75 


ms 


Vpp Recovery Time 


tVR 




2 


- 


- 


MS 


Data Valid from CE 


fDV 




- 


- 


1 


MS 



Notes: *1. t£)jr is de fined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for tQp\^. 
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HN27512P Series - 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 
Input Rise and Fall Time: ^ 20ns 
Reference Level for Measuring Tinning: 



Address 



Data 



X 



0.8V and 2.0V 
Program 



Us 



< 



Data In Stable 



fDS 



Vpp 



QE/Vpp 



Vcc 



CE 



/ 



typs 



Kcc + 1 
Vcc 



/ 



^VCS 



\-J 



tpw 

^ ». 



fDH 



> 



k 



^OEH 



fVR 



\ 



Program Verify 



;<: 



^DV 



< 



fAH 



Data Out Valid 



fOF 



> 



■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of OTPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27512P SERIES IDENTIFIER CODE 



^"■"""--..^^^^ Pins 
Identifier^"""^^^.^^ 


Ao 
(10) 


0, 

(19) 


1/06 
(18) 


1/05 

(17) 


1/04 
(16) 


1/03 
(15) 


1/02 
(13) 


I/Ol 
(12) 


I/OO 
(11) 


Hex 
Data 


Manufacturer Code 


ViL 

















1 


1 


1 


07 


Device Code 


ViL 


1 








1 





1 








94 



Notes: 1. A, = 12.0V ± 0.5V. 

2. A, - A,,A,, - A,,,CE,OE/Fpp= F/jr,. 



■ RECOMMENDED SCREENING CONDITIONS 

Before mounting, please make the screening (baking 
without bias) shown in the right. 



1220 



Program and 

Verify 

by Programmer 



ni 



Baking at 

125 to 150**C 

for 24 to48hrs 



Ensuring 
Read-out 



X 



Mounting 



Recommended 
Screening conditions 
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-HN27512P Series 



SUPPLY CURRENT v$. SUPPLY VOLTAGE 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 







Ta 25-C 
















Icct 
















hex 


- 


"• 















Vcc = 5V 


















... 


...^ 


















• 






Icn 


















" 



Supply Voltage Vcc 1 V ) 



Ambient Temperature Ta CO 



ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 



ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 



V 


^<^^^ 


7a-25-C 








. 


— 

























4 5 

Supply Voltage Vcc < V ) 











Vcc = 5V 


, 




^^ 















































20 40 60 

Ambient Temperature Ta (°C) 
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HN27C 1 1 P/FP Series — 

131072-word x 8-bit CMOS One Time Electrically Programmable ROM 



The HN27C101P Series are 131072-word x 8-bit one time 
electrically programmable ROM. Initially, all bits of the 
HN27C101P/FP series are in the "1" state (output high). 

Data is introduced by selectively programming "0" into the 
desired bit locations. This device is packaged in 32 pin plastic 
package, therefore, this device cannot be rewritten and erased. 

Features 

• High speed 

Access time 200/250 ns (max.) 

• Low power dissipation 

Active mode 50 mW/MHz (typ.) 
Standby mode 5 /xW (typ.) 

• Single power supply +5 V ± 5% 

• Fast High-Reliability program mode and Fast High-Reliability 
page program mode 

Program voltage: +12.5V DC 

Fast High-Reliability programming available 

• Static No clocks required 

• Inputs and outputs TTL compatible during both read and 
program modes 



Ordering Information 






Type No. 


Access time 


Package 


HN27C101P-20 
HN27C101P-25 


200ns 
250ns 


600 mil 32 pin 
Plastic DIP 


HN27C101FP-20 
HN27C101FP-25 


200ns 
250ns 


32 pin 
Plastic SOP 



Pin Description 



HN27C101 Series 




HN27C101FP Series 




(FP-32D) 



Pin Arrangement 



Pin name 


Function 


AO - A16 


Address 


I/OO - 1/07 Input/Output 


CE 


Chip enable 


OE 


Output enable 


Vcc 


Power supply 


Vpp 


Programming power supply 


Vss 


Ground 


PGM 


Programming enable 


NC 


No connection 



v„d 


1 ^ 


^ 32 


nvcc 


A16[^ 


2 


31 


JPGM 


AISQI 


3 


30 


Dnc 


A12[^ 


4 


29 


^ A14 


atC 


5 


28 


;3a13 


A6C 


6 


27 


Has 


ASC 


7 


26 


3^^ 


A4C 


8 


25 


I] All 


A3C 


9 


24 


3^ 


^2C 


10 


23 


Haio 


A1 C 


11 


22 


UCE 


AOQ 


12 


21 


^1/07 


i/ooC 


13 


20 


I] 1/06 


1/01 C 


14 


19 


1)1/05 


1/02 C 


15 


18 


I|l/04 


VssC 


16 


17 


I]'/03 




(Top View) 
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HN27C1 01 P/FP Series 



Block Diagram 



■ Mode Selection 



Program Inhibit 



A-, <^ 
I 
A, 

Al2 

Aih*>- 



I 0.,< 

I 

I/Ot* 



:^= 



1024x1024 
MEMORY 
MATRIX 



223 



Y GATING 



Y DECODER 



E? 




^ 



Ao Ai 



HIGH THRESHOLD 
INVERTER 



Mode 


CE 

(22) 


OE 

(24) 


PGM 

(31) 


Vpp 

(1) 


Vcc 

(32) 


I/O 
(13-15,17- 21) 


Read 


ViL 


ViL 


VlH 


Vcc 


Vcc 


Dout 


Output Disable 


ViL 


VlH 


VlH 


Vcc 


Vcc 


HfehZ 


Standby 


VlH 


X 


X 


Vcc 


Vcc 


HighZ 


Piogram 


ViL 


VlH 


ViL 


Vpp 


Vcc 


Din 


Program Verify 


ViL 


ViL 


VlH 


Vpp 


Vcc 


Dout 


Page Data Latcli 


VlH 


ViL 


VlH 


Vpp 


Vcc 


Din 


Page Program 


VlH 


VlH 


ViL 


Vpp 


Vcc 


HighZ 



ViL 


ViL 


ViL 


ViL 


Vffl 


VlH 


VlH 


ViL 


ViL 



Vpp 



Vcc 



HighZ 



ViH 



ViH 



ViH 



Note) 1. X: Don't care. 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


All input and output voltages* 1 


Vin. Vout 


-0.6*^ to +7.0 


V 


Vpp voltage*' 


Vpp 


-0.6 to +13.0 


V 


Vcc voltage** 


Vcc 


-0.6 to +7.0 


V 


Operating temperature range 


Topr 


to +70 


°c 


Storage temperature range 


Tstg 


-55 to +125 


**c 


Storage temperature range under bias 


Tbias 


-10 to +80 


"C 




Notes) *1. With respect to Vgs 

♦2. -1.0 V for pulse width ^ 50 ns 
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HN27C1 01 P/FP Series - 



Read Operation 

DC Characteristics (Ta = to +70''C, Vcc = 5V ± 5%, Vpp = Vcc) 



Parameter 




Symbol 




Min 


Typ 


Max 


Unit 


Test Conditions 


Input Leakage Current 




Ili 




- 


- 


2 


mA 


Vin = 5.25V 


Output Leakage Current 




Ilo 




- 


- 


2 


mA 


Vout = 5.25V/0.45V 


Vpp Current 




IpPl 




- 


1 


20 


mA 


Vpp = 5.5 V 


Vcc Current 




ISBl 




- 


- 


1 


mA 


ffi=ViH 




ISB2 




- 


1 


20 


mA 


CE = Vcc±0.3V 






icci 




- 


- 


30 


mA 


CE = ViL, lout = 0mA 


Vcc Current 




ICC2 




- 


- 


30 


mA 


f=5MHz, Iout = OmA 






ICC3 




- 


- 


15 


mA 


f= 1 MHz, lout = 0mA 


Input Low Voltage 




ViL 




-0.3'1 


- 


0.8 


V 




Input High Voltage 




VlH 




2.2 


- 


Vcc+1*^ 


V 




Output Low Voltage 




Vol 




- 


- 


0.45 


V 


IOL = 2.1mA 


Output High Voltage 




VOH 




2.4 


- 


- 


V 


lOH = -400AiA 


Notes) *1. -l.OV for pulse width ^ 50ns. 

*2, Vcc + 1 .5V for pulse width ^ 20ns. 
guaranteed. 
AC Characteristics (Ta = to +70°C, Vcc = 


IfViH 

5V±! 


is over the 
>%,Vpp = 


specified maximum value, read operation cannot be 
Vcc) 


Item 


Symbol 




HN27C101-20 


HN27C101-25 


llnit Tp«t rnnditioTi^ 


1 


^in 




Max 


Min 


Max 




Address to output delay 


^ACC 




- 




200 


- 


250 


ns CE=C5E=ViL 


CE to output delay 


tcE 




- 




200 


- 


250 


ns OE=ViL 


OE to output delay 


tOE 




10 




70 


10 


100 


ns CE=ViL 


OE high to output float 


^DF 









50 





60 


ns CE=ViL 


Address to output hold 


tOH 









- 





- 


ns CE=OE=ViL 



Note) t])p is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 



Switching Characteristics 

Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Output Load: 1 TTL Gate + lOOpF 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 



X 



X 



/ 



\ 



^'~ZZ^^). 



Capacitance (Ta = 25°C, f = 1 MHz) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input Capacitance 


Cin 


- 


- 


10 


PF 


Vin = OV 


Output Capacitance 


Cout 


- 


- 


15 


pF 


Vout = OV 
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- HN27C1 01 P/FP Series 



Fast High-Reliability Programming 

This device can be applied the Fast High-Reliability Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 



SET PROC./VERIFY MODE 
Vw=I2.5V±0.3V Vcc=6.0V±0.25V 



I 



I 






T 



I Program (m = 0.2ins ± 5% I 



[ A(HmH^l-^A(Mre8i | 





I GO 
END ) ( FAIL ] 

Fast High-Reliability Programming Flowchart 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 




Input Leakage Current 


Ili 


- 


- 


2 


mA 


Vin = 6.25V/0.45V 




Output Low Voltage during Verify 


Vol 


- 


- 


0.45 


V 


lOL = 2.1mA 




Output High Voltage during Verify 


VoH 


2.4 


- 


- 


V 


lOH = -400mA 




Wqq Current (Active) 


^cc 


- 


- 


30 


mA 






Input Low Level 


ViL 


-0.1*5 


- 


0.8 


V 






Input High Level 


VlH 


2.2 


- 


Vcc+0-5*^ 


V 






Vpp Supply Current 


Ipp 


- 


- 


40 


mA 


CE = PGM = ViL 





Notes) *1 
*2 
*3 
*4 
*5 
*6 



Vcc "^wst be apphed before Vpp and removed after Vpp. 

Vpp must not exceed 13V including overshoot. 

An influence may be had upon device reliability if the device is installed or removed while Vpp=l 2.5V. 

Do not alter Vpp either Vjl to 1 2.5 V or 1 2.5 V to Vjl when CE = Low. 

-0.6V for pulse width ^ 20ns. 

If VfH is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C1 01 P/FP Series- 



AC Programming Characteristics 

(Ta = 25°C ± 5°C, Vcc = 6V ± 0.25V, Vpp 


= 12.5V ±0.3V) 










Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Address Setup Time 


tAS 


2 


- 


- 


MS 




OE Setup Time 


tOES 


2 


- 


- 


MS 




Data Setup Time 


tDS 


2 


- 


- 


MS 




Address Hold Time 


tAH 





- 


- 


MS 




Data Hold Time 


tDH 


2 


- 


- 


MS 




OE to Output Float Delay 


tDF*l 





- 


130 


ns 




Vpp Setup Time 


tVPS 


2 


- 


- 


MS 




Vcc Setup Time 


tvcs 


2 


- 


- 


MS 




PGM Pulse Width during Initial Programming 


tpw 


0.19 


0.2 


0.21 


ms 




PGM Pulse Width during Over Programming 


tOPW*2 


0.19 


- 


5.25 


ms 




CE Setup Time 


tCES 


2 


- 


- 


MS 




Data Valid from OE 


tOE 





- 


150 


ns 





Notes) *1. t[)F is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Prefer to the programming flowchart for tQp\^>. 



Switching Characteristics 

Input Pulse Levels: 
Input Rise and Fall Time: 
Reference Levels for Measurement 
Timing: 



0.45V to 2.4V 

^20ns 

lnputs;0.8V and 2.0V 

Outputs; 0.8V and 2.0V 



Address 



Data- 



Vcc 



Vcc 

Vcc 
Vcc 

CE 



PGM 
OE 



X 



\ 



Program 



tAS 



Data In Stable 



Ids 



-/ tVPS 



f tvcs 



> 



K/ 



/PW 



Program Verify 



k: 



tAH 



< 



tOE 



Data Out Valid 



H / 



> 
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HN27C1 01 P/FP Series 

Fast High-Reliability Page Programming 

This device can be applied the Fast High-Reliability Page Programming algorithm shown in following 

flowchart. 

This algorithm allows to obtain faster programming time without any voltage stress to the device nor 

deterioration in reliability of programmed data. 



(^ start) 



SET PAGE PROGRAM LATCH MODE 
V^r/=12.5V±0.3V. V(( =6.0V±0.25V 



I Address = I 

PTatch I 
I Address -I- l-*Address I 

I Latch I 
I Address + 1— ♦Address 

fTatch I 
j Address + l-»Address | 

I Latch I 



l"^i-"i 



SET PAGE PROG./VERIFY MODE 
V/'/' = 12.5V±0.3V. Vtc -6.0V±0.25V 



Program /w=0 2ms±5% 



Address + 1 -►Address 




NOGO 




NO ^^LAST"" 

Address' 



SET READ MODE 
l^cc = 5. 0V±0. 25 V.K/'/' =Vcc 




NOGO 



READ 
\}\ Address, 



|G0 
( END ) 

Fast High-Reliability Page Programming Flowchart 



( FAIL 3 



DC Programming Characteristics (Ta = 25°C 


±5°C.Vcc = 


6V ± 0.25V, Vpp = 


12.5V ± 0.3V) 


Parameter 


Symbol 


Min Typ 


Max 


Unit 


Test Conditions 


Input Leakage Current 


Ili 


- 


2 


mA 


Vin = 6.25V/0.45V 


Output Low Voltage during Verify 


Vol 


- 


0.45 


V 


Iql = 2.1mA 


Output High Voltage during Verify 


VOH 


2.4 


- 


V 


lOH = -400mA 


Vcc Current (Active) 


Ice 


_ 


30 


mA 




Input Low Level 


ViL 


-0.1*5 


0.8 


V 




Input High Level 


VlH 


2.2 ■ , - 


Vcc+0.5*6 


V 




Vpp Supply Current 


Ipp 


- 


50 


mA 


CE = OE=ViH,PGM = ViL 




Notes) 



Vcc "^"^^ ^^ applied before Vpp and removed after Vpp. 

Vpp must not exceed 13V including overshoot 

An influence may be had upon device reliabihty if the device is installed or removed while Vpp=12.5V. 

Do not alter Vpp either VjLto 12.5V or 12.5V to VjLwhen CE=Low. 

-0.6V for pulse width ^ 20ns 

If ViH is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C1 01 P/FP Series - 



AC Programming Characteristics 

(Ta = 25°C ± 5°C, Vcc = 6V ± 0.25V, Vpp = 12.5V ± 0.3V) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Address Setup Time 


^AS 


2 


- 


- 


MS 




OE Setup Time 


^OES 


2 


- 


- 


MS 




Data Setup Time 


tDS 


2 


- 


- 


MS 




Address Hold Time 


tAH 





- 


- 


MS 






Uhl 


2 


- 


- 


MS 




Data Hold Time 


tDH 


2 


- 


- 


MS 




OT to Output Float Delay 


tDF*l 





- 


130 


ns 




Vpp Setup Time 


tVPS 


2 


- 


- 


MS 




Vcc Setup Time 


tvcs 


2 


- 


- 


MS 




PGM Pulse Width during Initial Programming 


tpw 


0.19 


0.20 


0.21 


ms 




PGM Pulse Width during Over Programming 


tOPW*2 


0.19 


- 


5.25 


ms 




CE Setup Time 


tCES 


2 


- 


- 


MS 




Data Valid from OE 


tOE 





- 


150 


ns 




OE Pulse Width during Data Latch 


tLW 


1 


- 


- 


MS 




PGM Setup Time 


tpGMS 


2 


- 


- 


MS 




CE Hold Time 


tCEH 


2 


- 


- 


MS 




OE Hold Time 


tOEH 


2 


- 


- 


MS 





Notes) *1. t£)F is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for toPW- 

Switching Characteristics 

Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^20ns 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 



Page Data Latch Page Program Program Verify 



■■DC 



Datij 



^"■^oCDcixzxzx: i< 



Vn +1 



CE 



PGM 
OE 



% X A (^ 



Data 




Out Val 



tCKH \ 



''^ZZf 



OE — yA/A/'A/"^ — uvtt^ 



r 



Recommended Screening Conditions 

Before mounting, please make the screening (baking 
without bias) shown in the right. 



Program and 

Verify 

by Programmer 



X 



Baking at 

125 to ISO^C 

for 24 to 48hrs 



X 



Ensuring 
Read-out 



X 



Mounting 



Recommended 
Screening conditions 
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HN27C30 1 P/FP Series — 

131072-word x 8-bit CMOS One Time Electrically Programmable ROM 



The HN27C301P Series are 131072-word x 8-bit one time 
electrically programmable ROM. Initially, all bits of the 
HN27C301P/FP Series are in the "1" state (output high). 

Data Is Introduced by selectively programming "0" into the 
desired bit location. This device Is packaged In 32 pin plastic 
package, therefore, this device cannot be rewritten and erased. 

Features 

• High speed 

Access time 200/250 ns (max.) 

• Low power dissipation 

Active mode 50 mW/MHz (typ.) 
Standby mode 5 /uW (typ.) 

• Single power supply +5V ± 5% 

• Fast High-Reliability program mode and Fast High-Reliability 
page program mode 

Program voltage: +12.5V DC 

Fast High-Reliability programming available 

• Static No clocks required 

• Inputs and output TTL compatible during both read and 
program modes. 









Type No. 


Access time 


Package 


HN27C301P-20 
HN27C301P-25 


200ns 
250ns 


600 mil 32 pin 
Plastic DIP 


HN27C301FP-20 
HN27C301FP-25 


200ns 
250ns 


32 pin 
Plastic SOP 



Pin Description 



Pin name 


Function 


A0-A16 


Address 


l/OO - 1/07 Input/Output 


CE 


Chip enable 


OE 


Output enable 


Vcc 


Power supply 


Vpp 


Programming power supply 


Vss 


Ground 


PGM 


Programming enable 


NC 


No connection 



HN27C301P Series 




(DP-32) 



HN27C301FP Series 




(FP-32D) 



Pin Arrangement 



v..n 


1 ^ 


^ 32 


pVcc 


oeC 


2 


31 


I] PGM 


A15Q 


3 


30 


;]nc 


A12Q 


4 


29 


I] A14 


atC 


5 


28 


Z1a13 


Aed 


6 


27 


Jab 


Asd 


7 


26 


3 AS 


mC 


8 


25 


I] All 


A3q 


9 


24 


Zl A16 


AZC 


10 


23 


IUaio 


Aid 




22 


HCE 


AOC 




21 


I]!/07 


1/00 [I 




20 


I]l/06 


1/01 CI 




19 


Ul/05 


1/02(1 




18 


I] 1/04 


VssC 




17 


I] 1/03 


(Top View) 
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HN27C301P/FP Series - 
Block Diagram 



Mode Selection 



Program Inhibit 



As o- 

\ 

A9 
Al2 

\ 

AibO- 



:=5s= 



■Hj?=l>< 



I Ooo-r 

1 

I 07 



1024X1024 
MEMORY 
MATRIX 



trLI 



^■ 



L.<H 






Y GATING 



Y DECODER 



E? 




;=JJ^ 



n- 



: HIGH THRESHOLD 
INVERTER 



Mode 


CE 

(22) 


OE 

(24) 


PGM 

(31) 


Vpp 

(1) 


Vcc 

(32) 


I/O 

(13 -15,17-21) 


Read 


ViL 


ViL 


VlH 


Vcc 


Vcc 


Dout 


Output Disable 


ViL 


VlH 


ViH 


Vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


X 


Vcc 


Vcc 


HighZ 


Program 


ViL 


VlH 


ViL 


Vpp 


Vcc 


Din 


Program Verify 


ViL 


ViL 


VlH 


Vpp 


Vcc 


Dout 


Page Data Latch 


ViH 


ViL 


ViH 


Vpp 


Vcc 


Din 


Page Program 


VlH 


VlH 


ViL 


Vpp 


Vcc 


HighZ 



ViL 


ViL 


ViL 


ViL 


VlH 


VlH 


VlH 


ViL 


ViL 



Vpp 



Vcc 



ViH 



ViH 



ViH 



HighZ 



Note) 1. X: Don't care. 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 




All input and output voltages*^ 


Vin» Vout 


-^.6*^ to +7.0 
-0.6 to +13.0 


V 
V 




Vpp voltage*' 


Vpp 




Vcc voltage** 


Vcc 


-0.6 to +7.0 


V 




Operating temperature range 


Topr 


to +70 


°C 




Storage temperature range 


"^stg 


-55 to +125 


"C 




Storage temperature range under bias 


Tbias 


-10 to +80 


°C 





Notes) *1. With respect to Vjgg 

*2. -1.0 V for pulse width ^ 50 ns 
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-HN27C301P/FP Series 



Read Operation 

DC Characteristics (Ta = to +70°C, Vcc = 5V ± 5%, Vpp = Vcc) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input Leakage Current 


^LI 


- 


- 


2 


mA 


Vin = 5.25 V 


Output Leakage Current 


^LO 


- 


- 


2 


mA 


Vout = 5.25V/0.45V 


Vpp Current 


h?i 


- 


1 


20 


mA 


Vpp = 5.5 V 


Vcc Current 


'SBl 


- 


- 


1 


mA 


CE = V,H 


%B2 


- 


1 


20 


mA 


CE =Vcc ±0.3V 




'cci 


- 


- 


30 


mA 


CE ="ViL, lout = OmA 


Vcc Current 


ICC2 


- 


- 


30 


mA 


f=5 MHz, lout = 0mA 




'CC3 


- 


- 


15 


mA 


f= 1 MHz, lout = 0mA 


Input Low Voltage 


ViL 


-0.3*1 


- 


0.8 


V 




Input High Voltage 


VlH 


2.2 


- 


Vcc+1*2 


V 




Output Low Voltage 


Vol 


- 


- 


0.45 


V 


lOL = 2.1mA 


Output High Voltage 


VOH 


2.4 


- 


- 


V 


loH = -400mA 



Notes) *1. -1 .OV for pulse width ^ 50ns. 

*2. Vcc + 1 .5 V for pulse width ^ 20ns. If Vjh is over the specified maximum value, read operation cannot be 
guaranteed. 

AC Characteristics i(Ta = to +70°C, Vcc = 5V ± 5%, Vpp = Vcc) 



Item 


Symbol 


HN27C301P-20 


HN27C301P-25 


- Unit 




Min 


Max 


Min 


Max 




Address to output delay 


tACC 


- 


200 


- 


250 


ns 


CE=OE=V,L 


CE to output delay 


tCE 


- 


200 


- 


250 


ns 


6E=V,l 


OE to output delay 


tOE 


10 


70 


10 


100 


ns 


CE=V,L 


OEhigh to output float 


tpF 





50 





60 


ns 


CE=ViL 


Address to output hold 


tOH 





- 





- 


ns 


CE=OE=V,L 



Note) tj)F is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 



Switching Characteristics 

Test Condition input Pulse Levels : 



0.45V to 2.4V 
Input Rise and Fall Tinne: ^ 20ns 

Output Load : 1 TTL Gate + 1 0OpF 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs;0.8V and 2.0V 



> 


1 ^ 








/ 
/ 




SiuHlby Mode 


\ Active Mode 


c 

Standby Mode 










\_ 






toe 








lACC 


i»"., 
















((((l 




S'^ 


\ 




^ 


: 


L 


I 


? 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1231 



HN27C301P/FP Series- 



Capacitance (Ta = 25°C, f = 1 MHz) 












Parameter Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input Capacitance Cjn 


- 


- 


10 


pF 


Vin = OV 


Output Capacitance Cqui 


- 


- 


15 


pF 


Vout = OV 



Fast High-Reliability Programming 

This device can be applied the Fast High-Reliability Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 



^tart) 



SET PROC./VERIFY MODE 

VfP= 12. 5V±0.3V l'cc=6.0V±0.25V 







T 



[ B-H->n I 
j Program <»•»• = 0.2ins ± 5% I 



A(Wre5$ + l-Addre«$ 



] 



I Program »oi'H = 0.2n ms I 





SET READ MODE 

Vcc = 5 . OV ± 2 5V. Vn- = Vet 



|G0 _ 

END J QfML^ 

Fast High-Reliability Programming Flowchart 



DC Programming Characteristics (Ta = IS^'C 


± 5°C, Vcc = 


6V± 0.25V, Vpp = 


12.5V ± 0.3V) 




Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 




Input Leakage Current 


Ili 


- 


- 


2 


mA 


Vin = 6.25V/0.45V 




Output Low Voltage during Verify 


Vol 


- 


- 


0.45 


V 


Iql = 2.1mA 




Output High Voltage during Verify 


VOH 


2.4 


- 


- 


V 


loH = -400mA 




Vcc Cunent (Active) 


Ice 


- 


- 


30 


mA 






Input Low Level 


ViL 


-0.1*5 


- 


0.8 


V 






Input High Level 


VlH 


2.2 


- 


Vcc+0.5*^ 


V 






Vpp Supply Cunent 


IPP 


- 


- 


40 


mA 


CE = PGM = ViL 





Notes) *1. 
*2. 
*3. 
*4 

*5. 
*6. 
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Vccmwst be applied before Vpp and removed after Vpp. 

Vpp must not exceed 13V including overshoot. 

An influence may be had upon device reliability if the device is installed or removed while Vpp = l 2.5V. 

Do not alter Vpp either Vjl to 12.5 V or 12.5 V to Vil when CE = Low. 

-0.6V for pulse width ^ 20ns. 

If VjHis over the specified maximum value, programming operation cannot be guaranteed. 
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-HN27C301P/FP Series 



AC Programming Characteristics 

(Ta = 25°C ± 5°C, Vcc = 6V ± 0.25V, Vpp 


= 12.5V ± 


0.3V) 










Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Address Setup Time 


tAS 


2 


- 


- 


MS 




OE Setup Time 


tOES 


2 


- 


- 


MS 




Data Setup Time 


tDS 


2 


- 


- 


MS 




Address Hold Time 


tAH 





- 


- 


MS 




Data Hold Time 


tDH 


2 


- 


- 


MS 




OE to Output Float Delay 


tDF*l 





- 


130 


ns 




Vpp Setup Time 


tVPS 


2 


- 


- 


MS 




Vcc Setup Time 


tvcs 


2 


- 


- 


MS 




PGM Pulse Width during Initial Programming 


tpw 


0.19 


0.2 


0.21 


ms 




PGM Pulse Width during Over Programming 


toPW*2 


0.19 


- 


5.25 


ms 




CE Setup Time 


tCES 


2 


- 


- 


MS 




Data Valid from OE 


tOE 





- 


150 


ns 





Notes) *1. tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for toPW- 



Switching Characteristics 

Input Pulse Levels: 
Input Rise and Fall Time: 
Reference Levels for Measurement 
Timing: 



0.45V to 2.4V 

^20ns 

Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 



Address 



Data 



Vcc 



Vcc 



Vcc + 
Vcc- 



PGM 
OE 



x; 



Program 



/ Data In Stable ^'y 



Ids 



A. 



/ tvcs 



CE \ 



tCES 



Ky 



Program Verify 



Kl 



tAH 



< 



tOE 



Data Out Valid 



X, / 



> 
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HN27C301P/FP Series- 



Fast High-Reliability Page Programming 

This device can be applied the Fast High-ReliabiUty Page Programming algorithm shown in following flowchart, 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 



(^ START 3 



SET PAGE PROGRAM LATCH MODE 
V^r/'=12.5V±0.3V. Vu =6 0V±0.25V 



I Address =^0~| 



I Address -I - l-*Ad dress j 

I Latch I 
I Address + l—» Address I 

rTatch I 
j Address + l—»Address J 

I Latch I 



lEH] 



SET PAGE PROG. VERIFY MODE 
K/'/.= 12.5V±0.3V, ViL -6.0V±0.25V 



Address + l-*Address 



NOGO 





NOGO 



|G0 
( END ) 
Fast High-Reliability Page Programming Flowchart 



C FAIL ) 



DC Programming Characteristics (Ta = 25'*C ± SX, Vqc = 6V ± 0.25V, Vpp = 12.5V ± 0.3V) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input Leakage Current 


Ili 


- 


- 


2 


mA 


Vin = 6.25V/0.45V 


Output Low Voltage during Verify 


Vol 


- 


- 


0.45 


V 


IOL = 2.1mA 


Output High Voltage during Verify 


VOH 


2.4 


- 


- 


V 


loH = -400mA 


Vcc Current (Active) 


Ice 


- 


- 


30 


mA 




Input Low Level 


ViL 


-0.1*5 


- 


0.8 


V 




Input High Level 


VlH 


2.2 


- 


Vcc+0.5*6 


V 




Vpp Supply Cunent 


Ipp 


- 


- 


50 


mA 


CE = OE = ViH,PGM = ViL 



Notes) *1. Vcc must be applied before Vpp and removed after Vpp. 

*2. Vpp must not exceed 1 3 V including overshoot 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp =1 2.5V. 

*4. Do not alter Vpp eitherVjL to 12.5V or 12.5V to Vjl when CE=Low. 

*5. -0.6V for pulse width ^ 20ns 

*6. If VjH is over the specified maximum value, programming operation cannot be guaranteed. 
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AC Programming Characteristics 

(Ta = 25°C ± 5°C, Vqc = 6V ± 0.25V, Vpp = 12.5V ± 0.3V) 



-HN27C301P/FP Series 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Address Setup Time 


^AS 


2 


- 


- 


MS 




OE Setup Time 


tOES 


2 


- 


- 


MS 




Data Setup Time 


tDS 


2 


- 


- 


MS 




Address Hold Time 


tAH 





- 


- 


MS 




^AHL 


2 


- 


- 


MS 




Data Hold Time 


tDH 


2 


- 


- 


MS 




OE to Output Float Delay 


tDF*l 





- 


130 


ns 




Vpp Setup Time 


tVPS 


2 


- 


- 


MS 




Vcc Setup Time 


tvcs 


2 


- 


- 


MS 




PGM Pulse Width during Initial Programming 


tpw 


0.19 


0.20 


0.21 


ms 




PGM Pulse Width during Over Programming 


toPW*2 


0.19 


- 


5.25 


ms 




CE Setup Time 


tCES 


2 


- 


- 


MS 




Data Valid from OE 


tOE 





- 


150 


ns 




OE Pulse Width during Data Latch 


tLW 


1 


- 


- 


MS 




PGM Setup Time 


tpGMS 


2 


- 


- 


MS 




CE Hold Time 


tCEH 


2 


- 


- 


MS 




OE Hold Time 


tOEH 


2 


- 


- 


MS 





Notes) *1. t£)p is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 

*2. Refer to the programming flowchart for tQPW- 
Switching Characteristics 

Test Condition input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 



I— 


Page Data Latch I 

H 


^age Program 


Program 


Verify 




\.~A,„ M 






r 


'-■11 


r 


1 


.^£fe^_j 




A„, A,_>, 


JCDCDCJ 


< 


ta Out Vah 


-o-o 

d 


( 


//Js 1 


ii>ii 


l'(. Wi 


/ 




Data ^ 


bleA A A i 




Da 






-- 












_- 


/ h 


- 




tom 


ce" 






■ 




; ti'w 'L ' 








PGM 




^ 


[Pt 


jr\f 


tOhb 




OE j^ 




\ 


IV^ 



Recommended Screening Conditions 

Before mounting, please make the screening (baking 
without bias) shown in the right. 



Program and 

Verify 

by Programmer 



~r 




Baking at 

125 to IS0°C 

for 24 to 48hrs 



m 



Ensuring 
Read-out 



~r 



Mounting 



Recommended 
Screening conditions 
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HN624016 Series 



■ TIMING WAVEFORM 

• Word Mode (BHE = 'V|h') or Byte Mode (SHE = 'V|l') (1) 

tRC 



Address 



CE 



OE 



Dout 



>< 



tAA 



X 



tACE 



tCLZ 



■\ 



High Z 



tOE 



tOLZ 

KM 



A- 



><: 



r 



tDHC 



tc^z 



tOE 



tOHZ 



Valid Data 



tOHA 



IX^ 



HighZ 



NOTES: 1. tDHA, tDHC, toHo; determined by faster. 

2. tAA, tACE, toEl determined by slower. 

3. tcLZ, toLz; determined by slower. 



• Word Mode, Byte Mode Switch (2) 



A-1 



BHE 



D7~D0 



D15-D8 



HighZ 



^^ 



^ tAA 



V 



>mxsxx>K 

tOHB 



)^ 



tDHA 



Valid 
Data 



High Z 



y 



>msx>< 



ism 



HighZ 



tBHZ 



^ tBHE 



tBLZ 

■< — ^ 



Valid 
Data 



/VsZ Valid" 

\A7\ Data 



NOTES: 1 . CE and OE are enable A19 ~ Ao are valid. 

2. D15/A-I pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 
phase to the output must not apply to them. 
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HN27C101 AG Series -preliminary — 
CMOS 1Mb EPROM 

131,072-Word x 8-Bit CMOS UV Erasable and Programmable ROM 

■ DESCRIPTION 

The HN27C101 AG is a 131,072 word by 8-blt erasable and electri- 
cally programmable ROM. This device Is packaged In a 32-pin, dual- 
In-line package with transparent lid. The transparent lid allows the 
memory content to be erased with ultraviolet light, whereby a new 
pattern can then be written into the device. 

■ FEATURES 

• Single Power Supply +5V ± 10% 

• High Performance Program Mode and High Performance 

Page Program Mode Program Voltage: + 12.5V DC 

High Speed Page Programming: 14 seconds typ. 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read 
and Program Modes 

• Access Time 100ns max. (HN27C101AG-10) 

120ns max. (HN27C101AG-12) 
150ns max. (HN27C101AG-15) 

■ BLOCK DIAGRAM 





PIN ARRANGEMENT 











VppC 


1 


32 


H vcc 


AieC 


2 


31 


J PMG 


AisE 


3 


30 


I] NC 


A12C 


4 


29 


3 A14 


AtC 


5 


28 


U Ai3 


AeC 


6 


27 


DA8 


AsC 


7 


26 


DA9 


A4C 


8 


25 


H A11 


A3C 


9 


24 


DOE 


A2C 


10 


23 


HAio 


AlC 


11 


22 


DCE 


AoC 


12 


21 


I]07 


OoC 


13 


20 


I] 06 


01 C 


14 


19 


I]05 


02 E 


15 


18 


I]04 


GND C 


16 


17 


DO3 




(Top View) 






HITACHI 

Hitachi America, Ltd • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1237 



HN27C101 AG Series 



MODE SELECTION 



Mode 


Pins 


CE 

(22) 


OE 

(24) 


PGM 

(31) 


Vpp 
(1) 


Vcc 

(32) 


A, 
(26) 


Outputs 

(13-15, 17-21) 


Read 


ViL 


V,L 


VlH 


Vcc 


Vcc 


X 


Dout 


Output Disable 


ViL 


V,H 


VlH 


Vcc 


Vcc 


X 


HighZ 


Standi^ 


VlH 


X 


X 


Vcc 


Vcc 


X 


HighZ 


Program 


ViL 


VlH 


ViL 


Vpp 


Vcc 


X 


Din 


Program Verify 


ViL 


VlL 


V,H 


Vpp 


Vcc 


X 


Dou. 


Page Data Latch 


VlH 


V,L 


VlH 


Vpp 


Vcc 


X 


Din 


Page Program 


VlH 


VlH 


ViL 


Vpp 


Vcc 


X 


HighZ 




ViL 


V,L 


ViL 


Vpp 


Vcc 


X 




Program Inhibit 


V,L 


V,H 


VlH 


HighZ 


V,H 


ViL 


ViL 




VlH 


VlH 


VlH 




Identifier 


ViL 


V,L 


VlH 


Vcc 


Vcc 


Vh 


Code 



NOTE: 1. X = Don't Care. 



i ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


Topr 


Oto +70 


°C 


Storage Temperature Range 


'^stg 


-65 to +125 


°C 


Storage Temperature Range Under Bias 


Tbias 


-10 to +80 


°C 


All Input and Output Voltages(i) 


Mn» Yout 


-1.0(2) to +7.0 


V 


VppVoltage(i) 


Vpp 


-0.6 to +13.0 


V 


Vcc Voltage(i) 


Vcc 


-0.6 to +7.0 


V 



NOTES: 1 . With respect to GND. 

2. Pulse width: 50ns, DC: Vjl min. = -0.6V. 



I READ OPERATION 
> DC Characteristics (T^ 



= -- 70°C, Vcc = 5V ± 10%, Vpp = Wcc) 



Parameter 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


Ili 


Vi„ = 5.25V 


— 


— 


2 


M 


Output Leakage Current 


Ilo 


Vout = 5.25V/0.45V 


— 


— 


2 


(lA 


Vpp Current 


Ippi 


Vpp = 5.5V 


— 


1 


20 


fiA 


Vcc Current 


ISBI 


CE = ViH 


— 


— 


1 


mA 


ISB2 


CE = Vcc ± 0.3V 


— 


1 


20 


M 




Icci 


CE = ViL, lout = 0mA 


— 


— 


50(2) 


mA 


Vcc Current 


ICC2 


f = 8.4MHz, lout = 0mA 


— 


— 


100(2) 


mA 




ICC3 


f = 5MHz, lout = 0mA 


— 


— 


50(2) 


mA 


Input Low Voltage 


ViL 




-1.0(1) 


— 


0.8 


V 


Input High Voltage 


VlH 




2.2 


— 


Vcc+1 


V 


Output Low Voltage 


Vol 


loL = 2.1mA 


— 


— 


0.45 


V 


Output High Voltage 


VOH 


loH = -^OOfiA 


2.4 


— 


— 


V 



NOTES: 



1. Pulse width: 50ns. 

2. Tentative. 



DC: ViL min. = -0.3V. 
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HN27C101 AG Series 



! AC CHARACTERISTICS (T^ = ~ 70°C, Vcc = 5V ± 10%, Vp 



Vcc) 





Symbol 


Test Conditons 


HN27C101AG 




Parameter 


-10 


-12 


-15 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Address to Output Delay 


Ucc 


CE = OE = ViL 


— 


100 


— 


120 


— 


150 


ns 


CE to Output Delay 


tcE 


OE = ViL 


— 


100 


— 


120 


— 


150 


ns 


OE to Output Delay 


toE 


CE = ViL 


10 


60 


10 


60 


10 


70 


ns 


OE High to Output Float 


tDF 


CE = ViL 





50 





50 





50 


ns 


Address to Output Hold 


tOH 


CE = OE = ViL 





— 





— 





— 


ns 



NOTE: toF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

■ SWITCHING CHARACTERISTICS 
• Test Conditions 

• Input Pulse Levels: 0.45V to 2.4V • Input Rise and Fall Time: < 20ns 

• Reference Levels for Measuring Timing; Inputs: 0.8V, 2.0V • Output Load: 1 TTL Gate + lOOpF 

Outputs: 0.8V, 2.0V 



Address 



CE 



OE 



Data Out 




■ CAPACITANCE (Ta 


= 25°C, f = IMHz) 












Parameter 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


Cin 


Vin = OV 


— 


— 


10 


pF 


Output Capacitance 


^out 


Vout = OV 


— 


— 


15 


pF 
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HN27C101 AG Series 



High Performance Programming 

This device can be applied the High Performance 
Programming algorithm shown in the following flow- 
chart. This algorithm allows to obtain faster program- 



ming time without any voltage stress to the device 
nor deterioration in reliability of programmed data. 



[START) 



Set Prog./Verify Mode 
Vpp=12.5±0.3V. Vcc=6.0±0.25V 



Address=0"1 



HOT 



In+l-H^nl 



Program tps =0.2ms±5% 



Address+1 -* Address 




VERIFY 
fGO 



Progranfi tps =0.2n ms 



NO 




Last 
Address? 



YES 



Set Read Mode 
Vcc=5. 0V±0, 25V, Vpp=Vcc 




NO 
n=25 



YES 




NOGO 



I GO 
i END ) 



t FAIL ) 



High Performance Programming Flowchart 
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HN27C101 AG Series 



I HIGH PERFORMANCE PROGRAMMING OPERATION 

DC Programming Characteristics (T^ = 25°C ± 5°C, Vcc = 6V ± 0.25V, Vpp = 12.5V ± 0.3V) 



Parameter 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


Ili 


Vin = 6.25V/0.45V 


— 


— 


2 


liA 


Output Low Voltage During Verify 


Vol 


loL = 2.1mA 


— 


— 


0.45 


V 


Output High Voltage During Verify 


VoH 


loH = -400M 


2.4 


— 


— 


V 


Vcc Current (Active) 


Ice 




— 


- 


30 


mA 


Input Low Level 


ViL 




-0.1 


— 


0.8 


V 


Input High Level 


VlH 




2.2 


— 


Vcc 


V 


Vpp Supply Current 


Ipp 


CE = ViL 


— 


- 


40 


mA 



NOTES: 1 . Vcc must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 

4. Do not alter Vpp either Vil to 12.5V or 12.5V to Vil when CE = Low. 

■ AC PROGRAMIVIiNG CHARACTERISTICS (High Performance Programming) 

(Ta = 25°C ± 5°C, Vcc = 6V =fc 0.25V, Vpp = 12.5V ± 0.3V) 



Parameter 


Symbol 


Test Condition > 


Min. 


Typ. 


Max. 


Unit 


Address Setup Time 


tAS 




2 


- 


— 


lis 


OE Setup Time 


k>ES 




2 


— 


— 


flS 


Data Setup Time 


tDS 




2 


- 


— 


(IS 


Address Hold Time 


tAH 







- 


— 


flS 


Data Hold Time 


^DH 




2 


— 


— 


/is 


OE to Output Float Delay 


tDF^l) 







— 


130 


ns 


Vpp Setup Time 


tvps 




2 


- 


— 


^s 


Vcc Setup Time 


tvcs 




2 


— 


— 


lis 


PGM Pulse Width During Initial 
Programming 


tpw 




0.19 


0.20 


0.21 


ms 


PGM Pulse Width During 
Overprogramming 


t0PW^2) 




0.19 


- 


5.25 


ms 


CE Setup Time 


tcES 




2 


- 


— 


lis 


Data Valid From OE 


tOE 







- 


150 


ns 



NOTES: 1 . toF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
2. topw is defined as mentioned in flowchart. 
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HN27C101 AG Series 



■ SWITCHING CHARACTERISTICS 
• Test Conditions 

• Input Pulse Levels: 0.45V to 2.4V 

• Reference Levels for Measuring Timing; Inputs: 0.8V, 2.0V 

Outputs: 0.8V, 2.0V 



• Input Rise and Fall Time: < 20ns 



Address 



Data 



^PP 



Vpp 



vcc 



Vpp 



Vcc+1 
Vcc ■ 



CE 



PGM 



OE 



y: 



Program 



_ta^ 



< 



yZ 



Data In Stable 



tos 



.typs. 



y: 



tvcs. 



X 



tCES 



> 




tpw 



tOH 



tpES 



Program Verify 



T^. 



< 



tOE 



Data Out Valid 



A 



•itAH 

>- 



1242 



<0^ HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HN27C101 AG Series 



High Performance Page Programming 

This device can be applied the High Performance 
Programming algorithm shown in the following flow- 
chart. This algorithm allows to obtain faster program- 



ming time without any voltage stress to the device 
nor deterioration in reliability of programmed data. 



C START ) 



Set Page Program Latch Mode 
Vpp=12.5±0. 3V. Vcc=6.0±25V 



Address=0 



n=0 

I 



Latch 

I 



Address-Hl Address 



Latch I 



Address-i-1 Address 



X 



Latch 



Address-i-1 —^Address 



Latch 



S 



|n+1-*-n 



Set Page Prog./ Verify Mode 
Vpp=12 5V±0 3VVCC=6 0V±0 25V 



Program topw=0, 2ms±5% 



Address-f-1 -*- Address 




NOGO 



Set Read Mode 
Vcc=5. QV±Q.25V. Vpp=Vcn 



NO 




Last 
JVddress?^ 



Set Read Mode 
Vcc=5, OV±0, 25V, Vpp=Vcc 





Read 
Ml Address^ 



GO 
C END ) 



NOGO 



( FAIL ) 




High Performance Page Programming Flowchart 
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HN27C101 AG Series 



■ HIGH PERFORMANCE PAGE PROGRAMMING OPERATION 

• DC Progiammlng Characteristics (Ta = 25°C ± 5°C, Vcc = 6V ± 0.25V, Vpp = 12.5V db 0.3V) 



Parameter 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


Ili 


Vin = 6.25V/0.45V 


— 


— 


2 


M 


Output Low Voltage During Verify 


Vol 


Iql = 2.1mA 


— 


— 


0.45 


V 


Output High Voltage During Verify 


VOH 


loH = -400tiA 


2.4 


— 


— 


V 


Vcc Current (Active) 


Ice 




— 


— 


30 


mA 


Input Low Level 


ViL 




-0.1 


— 


0.8 


V 


Input High Level 


ViH 




2.2 


— 


Vcc 


V 


Vpp Supply Current 


Ipp 


CE = ViL 


— 


— 


50 


mA 



NOTES: 1 . Vcc must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 

4. Do not alter Vpp either Vil to 12.5V or 12.5V to Vil when CE = Low. 

■ AC PROGRAMMING CHARACTERISTICS (High Performance Page Programming) 

(Ta = 25°C ± 5°C, Vcc = 6V ± 0.25V, Vpp = 12.5V ± 0.3V) 



12.5V. 



Parameter 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Address Setup Time 


tAS 




2 


— 


— 


lis 


OE Setup Time 


toES 




2 


— 


— 


flS 


Data Setup Time 


tDS 




2 


— 


— 


/is 


Address Hold Time 


tAH 







— 


— 


lis 


Uhl 




2 


— 


— 


lis 


Data Hold Time 


tDH 




2 


— 


— 


lis 


OE to Output Float Delay 


tDF(»> 







— 


130 


ns 


Vpp Setup Time 


tvps 




2 


- 


- 


lis 


Vcc Setup Time 


tvcs 




2 


— 


— 


lis 


PGM Pulse Width During Initial 
Programming 


tpw 




0.19 


0.20 


0.21 


ms 


PGM Pulse Width During 
Overprogramming 


topw<2> 




0.19 


- 


5.25 


ms 


CE Setup Time 


tcES 




2 


— 


— 


lis 


Data Valid From OE 


toE 







— 


150 


ns 


OE Pulse Width During Data Latch 


tLW 




1 


— 


— 


lis 


PGM Setup Time 


tCEH 




2 


— 


— 


lis 


OE Hold Time 


k)EH 




2 


— 


— 


lis 



NOTES: 1 . tDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
2. topw is defined as mentioned in flowchart. 

■ HN27C101AG IDENTIFIER CODE 



Identifier 


Ao 
(10) 


O7 

(19) 


06 

(18) 


O5 

(17) 


O4 

(16) 


O3 

(15) 


O2 

(13) 


Oi 

(12) 


Oo 
(11) 


Hex 
Data 


Manufacturer Code 


Vil 

















1 


1 


1 


07 


Device Code 


ViH 








1 


1 


1 











38 



NOTES: 1. A9 = 12.0V ± 0.5V 

2. Ai-Ag, Aio-Ai, CE, OE = Vil 
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■ SWITCHING CHARACTERISTICS 
• Test Conditions 

• Input Pulse Levels: 0.45V to 2.4V • Input Rise and Fall Time: < 20ns 

• Reference Levels for Measuring Timing; Inputs: 0.8V, 2.0V 

Outputs: 0.8V, 2.0V 



A2-A16 



:{ 



Page Data Latch 



Page Program 



Program Verify 



A0,A1 ^[ 



.^AS 



.'AHL 



tpGMS 



Data 



^toH 



-SxzxDc:^ 



;c 



tOE 



tDF 



\) v/ \v \y 



Data Out Valid 




xi:c 
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HN27C4096 Series -preliminary 

262,144-Word x 16-Bit CMOS UV Erasable and Programmable ROM 

■ DESCRIPTION 

The Hitachi HN27C4096G/CC is a 4-l\/lbit ultraviolet erasable and 
electrically programmable ROM, featuring high speed and low 
power dissipation. Fabricated on advanced fine process and high 
speed circuitry technique, the HN27C4096 makes high speed ac- 
cess time possible. Therefore, it is suitable for 16-bit microcomputer 
systems using high speed microcomputer such as the 80286 and 
68020. The HN27C4096 offers high speed programming using page 
programming mode. This device has the package variation of cerdip- 
40 pin and JLCC-44 pin. 

■ FEATURES 

• High Speed 

Access Time 100/120/150ns (max.) 

• Low Power Dissipation 

Standby Mode S^iW (typ.) 

Active Mode 35mW/MHz (typ.) 

• Fast High Reliability Page Programming and Fast High 
Reliability Programming 

Programming Voltage + 12.5V D.C. 

Program Time 7 sec. (min.) 

(Theoretical in Page Programming) 

• Inputs and Outputs TTL Compatible During Both Read 
and Program Modes 

• Pin Arrangement 40-Pin JEDEC Standard 

44-Pin JLCC JEDEC Standard 

• Device Identifier Mode Manufacturer Code and Device Code 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HN27C4096G-10 
HN27C4096G-12 
HN27C4096G-15 


100ns 
120ns 
150ns 


600 mil 40 pin 
Cerdip (DG-40A) 


HN27C4096CC-10 
HN27C4096CC-12 
HN27C4096CC-15 


100ns 
120ns 
150ns 


44 pin 
JLCC (CC-44) 




PIN DESCRIPTION 



Pin Name 


Function 


Ao-A,7 


Address 


I/Oo-I/0,5 


Input/Output 


CE 


Chip Enable 


OE 


Output Enable 


Vcc 


Power Supply 


Vpp 


Programming Power Supply 


Vss 


Ground 
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HN27C4096 Series 



PIN ARRANGEMENT 



• 


HN27C4096G 




VppC 


1 40 


Dvcc 


ceC 


2 39 


IlAi7 


I/015 C 


3 38 


I]A16 


1/014 C 


4 37 


I]Ai5 


1/013 C 


5 36 


I]Ai4 


1/012 c 


6 35 


I]Ai3 


1/011 C 


7 34 


I]Ai2 


1/010 c 


8 33 


I]Aii 


1/09C 


9 32 


I]Aio 


1/08 C 


10 31 


DA9 


vssC 


11 30 


mvss 


I/07C 


12 29 


HAS 


1/06 E 


13 28 


I]A7 


1/05C 


14 27 


DA6 


1/04C 


15 26 


DA5 


I/O3 M 


16 25 


pA4 


1/02C 


17 24 


::a3 


1/01 C 


18 23 


DA2 


l/OoC 


19 22 


Dai 


oig 


20 21 


Hao 




(Top View) 





• HN27C4096CC 



CO "* 10 

O O ON 0^ O 



g h* CO 10 xj- 
> < < < < 



mnnnnnr-innnm 



1/012 [7 
1/011 C 8 
1/010 C 9 
I/09 [10 
1/08 [11 
VSS [12 
NC [13 



I/07 
I/06 
I/05 
I/04 



6 5 4 3 2 1 



44 43 42 4140 

39p A13 
38 
37 
36 



[14 
[15 
[16 
P17 

18 19 20 2122 23 



32 
31 
30 
29 
24 25 26 27 28 



:ai2 

DA11 
3A10 
35: A9 
34] VSS 
33 3NC 
D A8 
3A7 
DA6 
3 A5 



I u u u u u u • 



iliiisg 



O ▼- CM CO "^ 
< < < < < 



(Top View) 



BLOCK DIAGRAM 



A7 



A170- 



I/Oq o- 

s 

1/0i5a- 



I 



:SH 



OE 



X- 

Decoder 



2048*2048 
Memory Matrix 



to 



■>■ 



Input 
Data 
Control 



Y-Gating 



Y-Decoder 



E? 




A0^-~-^A6 



Vcco 

Vss«^— ^ 



p 



^ : High Threshold Inverter 
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HN27C4096 Series 



■ MODE SELECTION 














Mode 


Pin 


CE 


OE 


A, 


Vpp 


Vcc 


I/O 




CC-44 


(3) 


(22) 


(35) 


(2) 


(44) 


(4-U, 14-21) 




DG-40A 


(2) 


(20) 


(31) 


(1) 


(40) 


(3-10, 12-19) 


Read 


ViL 


ViL 


X 


Vss-Vcc 


Vcc 


Dout 


Output Disable 


ViL 


VlH 


X 


Vss-Vcc 


Vcc 


HighZ 


Standby 


V,H 


X 


X 


Vss-Vcc 


Vcc 


HighZ 




Page Program Set 


V,H 


Vh<2) 


X 


Vpp 


Vcc 


HighZ 




Page Data Latch 


ViL 


VhP) 


X 


Vpp 


Vcc 


Din 


Page 
Prog. 


Page Program 


ViL 


VlH 


X 


Vpp 


Vcc 


HighZ 


Page Program Verify 


V,H 


VlL 


X 


Vpp 


Vcc 


Dout 




Page Program Reset 


V,H 


VlH 


X 


Vcc 


Vcc 


HighZ 




Program 


ViL 


V,H 


X 


Vpp 


Vcc 


Din 




Program Verify 


VlH 


ViL 


X 


Vpp 


Vcc 


Dout 


Word 
Prog. 


Optional Verify 


V,L 


ViL 


X 


Vpp 


Vcc 


D„„, 


Program Inhibit 


VlH 


VlH 


X 


Vpp 


Vcc 


HighZ 


Identifier 


ViL 


ViL 


VhW 


Vss-Vcc 


Vcc 


Code 



NOTES: I. X = Don't Care. 

2. Vh = 12.0V ± 0.5V 

■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


All Input and Output Voltages^) 


^in» ^out 


-0.6(2) to +7.0 


V 


Voltage on Pin A9 and OE 


ViD 


-6.0(2) to +13.0 


V 


Vpp Voltaged) 


Vpp 


-0.6 to +13.5 


V 


Vcc Voltage(i) 


Vcc 


-0.6 to +7.0 


V 


Operating Temperature Range 


Topr 


Oto +70 


°C 


Storage Temperature Range(3) 


'^stg 


-65 to +125 


°C 


Storage Temperature Under Bias 


Tbias 


-20 to +80 


°C 



NOTES: 1. Relative to Vss. 

2. V,n, Vout, ViD, min. = -2.0V for pulse width < 20ns. 

3. Storage temperature range of device before programming. 



■ CAPACITANCE (T^ = 


25° 


C, f = IMHz) 












Item 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


Cin 


Vin = OV 


— 


— 


12 


pF 


Output Capacitance 


Cout 


Vout = OV 


— 


— 


20 


pF 
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■ READ OPERATION 

• DC Characteristics (Vcc = 5V ± 10%, Vpp 



VsstoVcc,Ta = 0to+70°C) 



Item 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


Ili 


Vi„ = 5.5V 


— 


— 


2 


n\ 


Output Leakage Current 


Ilo 


Vout = 5.5V/0.45V 


— 


— 


2 


,iA 


Vpp Current 


Ippi 


Vpp = 5.5V 


— 


1 


20 


fiA 


Standby Vcc Current 


ISBI 


CE = ViH 


— 


— 


1 


mA 


IsB2 


CE = Vcc ± 0.3V 


— 


1 


20 


fiA 


Operating Vcc Current 


Icci 


lout = 0mA, f = IMHz 


— 


— 


30 


mA 


ICC2 


lout = 0mA, f = lOMHz 


— 


1 


100 


mA 


Input Voltage 


ViL 




-0.3(1) 


— 


0.8 


V 


ViH 




2.2 


— 


Ncc+io-) 


V 


Output Voltage 


Vol 


Iql = 2.1mA 


— 


— 


0.45 


V 


VOH 


loH = -400 fik 


2.4 


— 


— 


V 



NOTES: 1. ViL min. = -l.OV for pulse width < 50ns. 
ViL min. -2.0V for pulse width < 20ns. 
2. ViH max. = Vcc + 1.5V for pulse width < 20ns 

If ViH is over the specified maximum value, read operation cannot be guaranteed. 

■ AC CHARACTERISTICS (Vcc = 5V ± 10%, Vpp = Vss to Vcc T^ = to -h70°C) 
• Test Conditions 



• Input Pulse Levels: 0.45 to 2.4V 

• Reference Levels for Measuring Timing: 0.8V, 0.2V 



• Input Rise and Fall Times: < 10ns 

• Output Load: 1 TTL Gate + lOOpF 



Item 


Symbol 


Test Conditions 


HN27C4096-10 


HN27C4096-12 


HN27C4096-15 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Address to Output Delay 


Ucc 


CE = OE = ViL 


— 


100 


— 


120 


— 


150 


ns 


CE to Output Delay 


tcE 


OE = ViL 


— 


100 


— 


120 


— 


150 


ns 


OE to Output Delay 


tOE 


CE = ViL 


— 


60 


— 


60 


— 


70 


ns 


OE High to Output Float(i) 


tDF 


CE = ViL 





35 





40 





50 


ns 


Address to Output Hold 


k)H 


CE = OE = ViL 


5 


— 


5 


— 


5 


— 


ns 



NOTE: 1 . toF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 

• Read Timing Waveform 



Address 



CE 



OE 



Data Out 





















> 


( > 


{ 
\ 








Active Mode 


7 




stand-by Mode 


\ 


^ 


/ Stand-by Mode 




4f ^^E 


7 










^ 






\ 


/ 




^°E ^ 




< *DF . 






^ tACC ^ 


< ^OH ^ 


















Hignz 


««« 


Data Out Valid ^ 


d 


HighZ 
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HN27C4096 Series 



( START ) 



Set Page Program Latch Mode 
Vpp=12.5±0. 3V. Vcc=6.0±25V 



Address=0 



I n=0 

ZE 



Latch 



Address+1— Address 



Latch I 



Address+1 —^ Address 



T 



Latch 

zn 



Address+1 —^Address 



I 



Latch 



n+1 — n 



I 



Set Page Prog./ Verify Mode 
Vpp=12 5V±0 3V Vcc=6 0V±0 25V 

I 



Program topw=0, 2ms±5% 



Address+1 -*- Address 




NOGO 



Set Read Mode 
VCC=5, QV±Q.25V. Vpp=Vcc 



NO 




Set Read Mode 
Vcc=5, OV±0, 25V, Vpp=Vcc 




Read 
\ll Address^ 

GO 
C END ) 



NOGO 



NO 
n=25 




YES 




( FAIL ) 



Fast High-Reliability Page Programming Flowchart 
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HN27C4096 Series 



Fast High-Reliability Page Programming 

This device can be applied the high performance 
page programming algorithm shown in the follow 
flowchart. This algorithm allows to obtain faster pro- 
gramming time without any voltage stress to the de- 
vice nor deterioration in reliability of programmed 
data. 



Page Program Set 

Apply 12V to OE pin after applying 12.5V to Vpp to set 
a page program mode. The device operates in a 
page program mode until reset. 



Page Program Reset 

Set Vpp to Vcc level or less to reset a page program 
mode. 



DC Characteristics 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


Ili 


V,n = 6.25V/0.45V 


— 


— 


2 


^A 


Output Voltage During Verify 


Vol 


loL = 2.1mA 


— 


— 


0.45 


V 


VOH 


loH = -400M 


2.4 


— 


— 


V 


Operating Vcc Current 


Ice 




— 


— 


50 


mA 




ViL 




-0.1(5) 


— 


0.8 


V 


Input Voltage 


VlH 




2.2 


— 


Vcc + 0.5(6) 


V 




Vh 




11.5 


12.0 


12.5 


V 


Vpp Supply Current 


Ipp 


CE = ViL 


— 


— 


70 


mA 



NOTES: 1 . Vcc must be applied before Vpp and removed after Vpp 

2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 

4. Do not alter Vpp either Vil to 12.5V or 12.5V to Vil when CE = low. 

5. Vil min. = -0.6V for pulse width < 20ns. 

6. If ViH is over the specified maximum value, programming operation cannot be guaranteed. 



I AC CHARACTERiSTiCS (Vcc = 6V ± 0.25V, Vpp 
Test Conditions 

• Input Pulse Levels: 0.45 to 2.4V 

• Reference Levels for Measuring Timing; Inputs: 0.8V, 0.2V 

Outputs: 0.8V, 2.0V 



12.5V ± 0.3V, Ta = 25°C =b 5°C) 



' Input Rise and Fall Times: < 20ns 
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Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Address Setup Time 


tAS 




2 


— 


— 


flS 


OE Setup Time 


tOES 




2 


— 


— 


lis 


Data Setup Time 


tos 




2 


— 


— 


lis 


Address Hold Time 


tAH 







— 


— 


lis 


Data Hold Time 


^DH 




2 


— 


— 


lis 


OE High to Output Float Delay 


tDF^^) 







— 


130 


ns 


Vpp Setup Time 


tvps 




2 


— 


— 


lis 


Vcc Setup Time 


tvcs 




2 


— 


— 


lis 


CE Initial Programming Pulse Width 


tpw 




47.5 


50.0 


52.5 


lis 


CE Overprogramming Pulse Width 


topw(2) 




47.5 


— 


525.0 


lis 


CE Setup Time 


tCES 




2 


— 


— 


lis 


Data Valid From OE 


tOE 







— 


150 


ns 


CE Pulse Width During Data Latch 


tLW 




1 


— 


— 


lis 


OE = Vh Setup Time 


tOHS 




2 


— 


— 


lis 


OE = Vh Hold Time 


toHH 




2 


— 


— 


lis 


OE Hold Time 


tOEH 




2 


— 


— 


lis 


Vpp Hold Time(3) 


Wrs 




1 


— 


— 


lis 



NOTES: 1 . tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 

2. Refer to the programming flowchart for topw- 

3. Page program mode will be reset when Vpp is set to Vcc or less. 

Fast High-Reliability Programming 



This device can be applied the fast high-reliability 
programming algorithm shown in the following 
flowchart. This algorithm allows to obtain faster 



programming time without any voltage stress to the 
device nor deterioration in reliability of programmed 
data. 



( START ) 



Set Page Program Latch Mode 
Vpp=12.5±0, 0.3V. Vcc=6.0±25V 

31 



I Address=0 I 
I nio I 



I n+1— I 

V , 

I Program tpw=50MS±5% j 



I Address-t-1-^ Address | 



NOGO 



I Program tpw=(50MS±5%) X n | 





.n=25, 
YES 



NOGO 




C END ) C FAIL ) 

Fast High-Reliability Programming Flowchart 
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HN27C4096 Series 



A2-A17 



A0,A1 



Data 



Vpp 

vpp y 

Vcc ^ 



VcC+1 r 

Vcc / 

Vcc ^ 



CE 



OE 



J 



Page Program McxJe 



I Program Data Latch ■ Page Program Program Verify 



X 



>: 



tOH 



-'AS 



iT 



.'AHL 



)ooc:<: y. 



_jta 
Stable 



.tos 



tvPS 



tvcs 



tOHS 

< — ► 



PCDOG^ 



tOHH 



UX/WI 

tiw 



1 



Us_. 



tOE 



X 






Jah 



OOC( 



Jdf 



t<MK> 



Data Out Valid 



t/vx/v 



\ 



^tvRS 



Fast High-Reliability Page Programming Timing Waveform 
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• DC Characteristics (Vcc = 6V ± 0.25V, Vpp = 12.5V db 0.3V, T^ = 25°C ± 5°C) 



HN27C4096 Series 



Item 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


Ili 


V,n = 5.5V/0.45V 


— 


— 


2 


M 


Vpp Supply Current 


Ipp 


CE = ViL 


— 


— 


40 


mA 


Operating Vcc Current 


Ice 




— 


— 


50 


mA 


Input Voltage 


ViL 




-0.1(5) 


— 


0.8 


V 


VlH 




2.2 


— 


Vcc+0.5(6) 


V 


Output Voltage 


Vol 


loL = 2.1mA 


— 


— 


0.45 


V 


VoH 


IoH = -400;i.A 


2.4 


— 


— 


V 



NOTES: 1 . Vcc must be applied before Vpp and removed after Vpp 

2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 

4. Do not alter Vpp either Vil to 12.5V or 12.5V to Vh, when CE = low. 

5. Vil min. = -0.6V for pulse width < 20ns. 

6. If ViH is over the specified maximum value, programming operation cannot be guaranteed 



12.5V 



■ AC CHARACTERISTICS (Vcc = 6V =t 0.25V, Vpp = 12.5V ± 0.3V, T^ = 25°C ± 5°C) 
• Test Conditions 

• Input Pulse Levels: 0.45 to 2.4V • Input Rise and Fall Times: < 20ns 

• Reference Levels for Measuring Timings: 0.8V, 0.2V 



Item 


Symbol 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


Address Setup Time 


tAS 




2 


— 


— 


flS 


OE Setup Time 


toES 




2 


— 


— 


lis 


Data Setup Time 


tos 




2 


— 


— 


lis 


Address Hold Time 


tAH 







- 


— 


lis 


Data Hold Time 


toH 




2 


- 


— 


lis 


OE to Output Flow at Delay 


tDp(l) 







— 


130 


ns 


Vpp Setup Time 


tvps 




2 


— 


— 


lis 


Vcc Setup Time 


tvcs 




2 


— 


— 


lis 


CE Initial Programming Pulse Width 


tpw 




4.75 


50.0 


52.5^ 


lis 


CE Overprogramming Pulse Width 


topw(2) 




47.5 


- 


525.0 


lis 


Data Valid From OE 


toE 







- 


150 


ns 



NOTES: 1. tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
2. Refer to the programming flowchart for tQp^. 
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HN27C4096 Series 



Fast High-Reliability Programming Timing Waveform 

Program 

^« 

Address 



Data 



^PP 



Vpp 
Vcc 



Vcc+1 



^PP 



Vcc 



CE 



PGM 



OE 



>: 



Program Verify 



tAS, 



< 



Data In Stable 



tos 



/*ivps^ 



y: 



.tycs. 



X 



tCES 



> 



N^^ 



tpw 



tOH 



tpES 



^. 



< 



tOE 



Data Out Valid 



^ 



tDF 



X 

HtAH 

>- 



Erase 

Erasure of HN27C4096G/C is performed by expo- 
sure to ultraviolet light of 2537 A and all the output 
data are changed to "1" after this erasure proce- 
dure. The minimum integrated dose (i.e., UV inten- 
sity X exposure time) for erasure is 15 sec/cm^. 



• HN27C4096 Identifier Code 



IVIode Description 

Device Identifier IMode 

The device identifier mode allows the reading out of 
binary codes that identify manufacturer and type of 
device, from outputs of EPROM. By this mode, the 
device will be automatically matched its own corres- 
ponding programming algorithm, using program- 
ming equipment. 



Identifier 




Ao 


I/Og-I/Ois 


I/07 


I/06 


I/O5 


I/O4 


I/O3 


I/O2 


I/Oi 


I/Oo 






CC-44 


(24) 


(ll)-(4) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 


(20) 


(21) 


Hex 
Data 




DG-40A 


(21) 


(10)-(3) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 




Manufacture Code 


ViL 


X 

















1 


1 


1 


07 


Device Code 


ViH 


X 


1 





1 











1 





A2 



NOTES: 1. X = Don't Care. 

2. Vh = 12.0V ± 0.5V 
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HM1 0494 Series -preliminary 

16384-worci x 4-bit Fully Decoded Random Access Memory 



The HM10494 is ECL 10K compatible, 16384-word by 4-bits 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 



Features 

• 1 6384-word X 4-bit organization 

• Fully compatible with 1 0K ECL level 

• Address access time: 1 0/1 2 ns (max) 

• Write pulse width: 6 ns (min) 

• Low power dissipation: 800 mW (typ) 

• Output obtainable by wired-OR (open emitter) 



Ordering Information 








Type 


No. 


x\ccess Time 


Package 


HM10494-10 
HM 10494-12 




10 ns 
12 ns 


400 mil 28 pin Cerdip 
(DG-28N) 


HM10494F-10 
HM10494F-12 




10 ns 
12 ns 


28 


pin Ceramic Flat 
(FG-28D) 


Function Table 




Input 






Output 


Mode 


cs 


WE 


Din 




H 


X 


X 




L 


Not Selected 


L 


L 


L 




L 


Write "0" 


L 


L 


H 




L 


Write "1" 


L 


H 


X 




Dout*^ 


Read 



Notes: x; Irrelevant 

Block Diagram 



*1; Read Out No.iinveit 





A7 A8 A9 AlO All A12 A13 


AOO- 




??????? 






Y-Decoder/Dnver 






^ ^ ^ ^ 


















AlO- 
















A2 0- 
















A3 0- 


Q 


-► 


Memory Gel! Array 
16384wordsX4bits 




A4 0- 


Q 














A50- 


X 














A60- 






Block 1 


Block 2 


Block 3 


Block 4 






t t t t 




WEO— 

CS o~ 


R/W 
Circuit 


R/W 
Circuit 


R/W 
Circuit 


R/W 
Circuit 






A n AA AA A 






DIl DOl DI2 D02 DI3 DOS DI4 D04 




(FG-28D) 




(DG-28N) 



Pin Arrangement 



DIl CI 


V 

1 


DI2[I 


2 


DISQ 


3 


DI4[I 


4 


DOlQ 


5 


D02[^ 


6 


VccC 


7 


VccC 


8 


D03[]I 


9 


D04[^ 


10 


AOC 


11 


r— 


12 



A2Q 
A3Q 14 



(Top View) 
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HM1 0494 Series 



Absolute Maximum Ratings (Ta = 


= 25X) 






Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


Vin 


+0.5 to Vee 


V 


Output Current 


lout 


-30 


mA 


Storage Temperature 


Tstg 


-65 to +150 


°C 


Storage Temperature 


Tstg (Bias)*^ 


-55 to +125 


^C 



Note: *1; Under Bias 



Electricai Characteristics 

DC Cliaracteristlcs (Vee = -5.2V, Rl = 



50n to -2.0 V, Ta = to +75°C, air flow exceeding 2 m/sec) 



Item 



Symbol Min (B) Typ Max (A) Unit Test Conditions 



-1000 



-840 



VOH 



-960 



-810 



Output Voltage 



-900 — 



-720 



-1870 — -1665 



mV Vin = Viha or Vilb 



Vol 



-1850 



-1650 



-1830 



-1625 



0°C 



+25°C 
+75°C 



0°C 



+25°C 
+75°C 



-1020 



VOHC 



-980 — 



Output Threshold Voltage 



-920 — 



-1645 



mV Vin = Vihb or Vela 



VOLC 



_ _ _1630 



-1605 



0°C 



+25°C 
+75°C 



0°C 



+25°C 
+75°C 



-1145 



-840 



VlH 



-1105 — 



-810 



Guaranteed Input Voltage 
High for All Inputs 



Input Voltage 



-1045 — 



-720 



_1870 — -1490 



mV 



VlL 



-1850 



-1475 



-1830 



-1450 



Im 



220 



Vin = Viha 



Input Current 



IlL 



0.5 



170 



-50 



^^ Vin = Vilb 



CS 



Others 



0°C 



+25^C 





+75*'C 


Guaranteed Input Voltage 


0°C 


Low for All Inputs 


+25°C 
+75°C 



to +75°C 



to +75°C 



Supply Current 



Iee 



-180 



-180 



mA 



All Inputs and Outputs 
Open 



Ta = 0°C 
Ta = 75°C 



AC Characteristics (Vee = -5.2 V ± 5%, Ta = to +75°C, air flow exceeding 2 m/sec) 
Read Mode 



Item 


Symbol 


HM10494-10 


HM10494-12 


Unit 


Test Conditions 


Min Typ Max 


Min Typ Max 


Chip Select Access Time 


Ucs 


— — 6 


— — 8 


ns 




Chip Select Recovery Time 


tRCS 


— — 6 


— — 8 


ns 




Address Access Time 


Ua 


— — 10 


— — 12 


ns 
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HM1 0494 Series 



Write Mode 



Item 


Symbol 


HM10494-10 
Min Typ Max 


HM10494-12 
Min Typ Max 


Unit 


Test Conditions 


Write Pulse Width 


tw 


6 


— — 


8 


— 


— 


ns 


twsA = twsA min 


Data Setup Time 


tWSD 


2 


— — 


2 


— 


— 


ns 




Data Hold Time 


tWHD 


2 


_ _ 


2 


— 


— 


ns 




Address Setup Time 


tWSA 


2 


— — 


2 


— 


— 


ns 


tw = twmin 



Address Hold Time 



tWHA 



2 — 



— 2 



Chip Select Setup Time 



Chip Select Hold Time 



2 — 



Write Disable Time 



6 — — 



Write Recovery Time 


tWR 


— 


— 


12 


__ 


— 14 


ns 


Rise/Fall Time 


Item 


Symbol 


Min 


Typ 




Max 


Unit 


Test Conditions 


Output Rise Time 


tr 


— 


2 




— 


ns 




Output Fall Time 


tf 


— 


2 




— 


ns 




Capacitance 


Item 


Symbol 


Min 


Typ 




Max 


Unit 


Test Conditions 


Input Capacitance 


Cin 


— 


3 




— 


pF 




Output Capacitance 


Cout 


— 


5 




— 


pF 
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-HM1 0494 Series 



Test Circuit and Waveforms 



Loading Condition 



Test Circuit 

O Vcc (GND) 



-Rl -^ZCt 



.-T^ 
^ '" 



©2.0V 



flt = 50Q 
Ci = 30pF 
(Includes probe 
and Jig capacitance) 



Read Mode 



V. 



50% 

tRCS 



/ 



80% 
50% 



-^50 



Write lUlode 



CS 50% 



k 



^ 



\ 

50% ' 



7^v. 



-r50 



Input Pulse 



eo.9v 



01 7V 




I I 



^ = t/= 2.0ns typ. 



Address 


> 


<- 




^ Iaa 




Dout 




)(.. 



J' 



}( 



"\ 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 1 261 



<^ HITACHI 

1 262 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM10490 Series 



■ Preliminary 



65536-Words x 1-Bit Fully Decoded Random Access Memory 

■ DESCRIPTION 

The HM10490 is ECL 10K compatible, 65536-words by 1-bit read/ 
write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 

■ FEATURES 

• 65536 X 1 Bit Organization 

• Fully Compatible with 10K ECL Level 

• Address Access Time 10/12ns (max.) 

• Write Pulse Width 6/8ns (min.) 

• Low Power Dissipation 570mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 



■ ORDERING INFORMATION 




Type No. 


Access Time 


Package 


HM 10490- 10 
HM10490-12 


10ns 
12ns 


300 mil 22 pin Cerdip 

(DG-22N) 



BLOCK DIAGRAM 





Aq Ai A2 A3 All Ai3 Ai4 Ai5 

??????99 


Y — Decoder/Driver 


^ 


f 


A40- 


u. 






A50- 


0) 






AeO- 
AyO- 
AsO- 


Q 

(0 

2 


- 


Memory Cell Array 
65536 words x 1 bit 


A9O- 


5 






A10O- 


T 






A12O- 


X 







WE 
CS 



Of 



R/W Circuit 




PIN ARRANGEMENT 











Dout E 


1 


22 


Uvcc 


AoC 


2 


21 


HDin 


AlC 


3 


20 


DCS 


A2G 


4 


19 


HWE 


AsD 


5 


18 


H Ai5 


A4C 


6 


17 


I]A14 


AsC 


7 


16 


I] A13 


AeT 


8 


15 


pAi2 


A7C 


9 


14 


5 A11 


AsC 


10 


13 


DAio 


VeeC 


11 


12 


I]A9 




(Top View) 





FUNCTION TABLE 



Input 


Output 


Mode 


CS 


WE 


D,n 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



NOTES: X = Irrelevant; 

* = Read out noninvert 



Din 



Dout 
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HM10490 Series 



■ ABSOLUTE MAXIMUM RATINGS (T^ = 25°C) 






Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


4-0.5 to 07.0 


V 


Input Voltage 


Vin 


+0.5 to Vee 


V 


Output Current 


lout 


030 


mA 


Storage Temperature 


'^stg 


065 to +150 


°C 


Storage Temperature 


Tstg(bias)* 


055 to +125 


°C 



NOTE: 



= Under bias. 



■ DC CHARACTERISTICS (Vee = 


= e5.2V, Rl = son to ea.OV, Ta = O to +75°C, air flow exceeding 2m/sec.) 


Item 


Symbol 


Test Condition 


Min.(B) 


Typ. 


Max.(A) 


Unit 




VOH 


Vi„ = V,„AorViLB 


0°C 


01000 


— 


0840 






+25°C 


0960 


— 


0810 




Output Voltage 


+75°C 


0900 


— 


0720 


mV 


Vol 


o°c 


01870 


— 


01665 




+25°C 


01850 


— 


01650 






+75°C 


01830 


— 


01625 






VOHC 


Vin = ViHB or Vila 


o°c 


01020 


— 


— 






+25°C 


0980 


— 


— 




Output Threshold Voltage 


+75°C 


0920 


— 


— 


mV 


VOLC 


o°c 


— 


— 


01645 




+25°C 


— 


— 


01630 






+75°C 


— 


— 


01605 






VlH 


Guaranteed Input Voltage 
High for All Inputs 


o°c 


01145 


— 


0840 






+25°C 


01105 


— 


0810 




Input Voltage 


+ 75°C 


01045 


— 


0720 


mV 


ViL 


Guaranteed Input Voltage 
Low for All Inputs 


o°c 


01870 


— 


01490 




+25°C 


01850 


— 


01475 






+75°C 


01830 


— 


01450 






IlH 


Vin = V,HA 


Oto+75°C 


— 


— 


220 




Input Current 


IlL 


V,n = V,LB 


CS 


Oto+75°C 


0.5 


— 


170 


fiA 




Others 


050 


— 


— 




Supply Current 


Iee 


AH Inputs and Outputs Open 


0°C, 75°C 


0140 


— 


— 


mA 



■ AC CHARACTERISTICS (Vee = Q5.2V ± 5%, T^ = to +75°C, air flow exceeding 2m/sec.) 
1. Read Mode 



Item 


Symbol 


Test Condition 


HM 10490- 10 


HM10490-12 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Chip Select Access Time 


tACS 




— 


— 


6 


— 


— 


8 


ns 


Chip Select Recovery Time 


tRCS 




— 


— 


6 


— 


— 


8 


ns 


Address Access Time 


tAA 




— 


— 


10 


— 


— 


12 


ns 
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2. Write Mode 



3. Rise/Fall Time 



4. Capacitance 



Hl\/I10490 Series 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Unit 


Write Pulse Width 


tw 


^WSA = tws A n^in. 


6 


— 


— 


8 


— 


— 


ns 


Data Setup Time 


twSD 




2 


— 


— 


2 


— 


— 


ns 


Data Hold Time 


twHD 


2 


— 


— 


2 


— 


— 


ns 


Address Setup Time 


twSA 


tw ~ t^ min. 


2 


— 


— 


2 


— 


— 


ns 


Address Hold Time 


twHA 




2 


— 


— 


2 


— 


— 


ns 


Chip Select Setup Time 


twscs 


2 


— 


— 


2 


— 


— 


ns 


Chip Select Hold Time 


twHCS 


2 


— 


— 


2 


— 


— 


ns 


Write Disable Time 


tws 


— 


— 


6 


— 


— 


8 


ns 


Write Recovery Time 


tWR 


— 


— 


12 


— 


— 


14 


ns 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Output Rise Time 


tr 




— 


2 


_ 


ns 


Output Fall Time 


tf 


— 


2 


— 


ns 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


C.n 




— 


3 


— 


pF 


Output Capacitance 


*-out 


— 


5 


— 


pF 



■ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 



2. Input Pulse 



Vcc (GND) 
9 




e2.ov 



eo.9V 



ei.7V 
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HM10490 Series 
3. Read Mode 



CS |\ 



tRCS , 



< > 



Dout 



/ 



50% 



^JRCS^ 



c s 80*? 



tr tf 



80% 
50% 
20% 



IZ><!°^ 



tAA 



4. Write Mode 



CS 

Address 
Din 

WE 
Dout 



50% 



\. 



50% 



x 



50% 



K. 



, twSD , 



^ twsA 



twscs 



/ 



x: 



X 



tw , 



■\. 



tWHCS ^ 



tWHCS 



x 



tWR 



50% 
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HM10504-10/12 



■ Preliminary 



65536-Words x 4-Bit Fully Decoded Random Access Memory 

■ DESCRIPTION 

The HM 10504 is ECL 10K compatible, 65536-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

■ FEATURES 

• 65536 X 4 Bit Organization 

• Fully Compatible with 10K ECL Level 

• Address Access Time 10/12ns (max.) 

• Write Pulse Width 8ns (min.) 

• Low Power Dissipation 620mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 



BLOCK DIAGRAM 



As As A7 As A12 Ai3 Ai4 Ai5 

99999999 



Y — Decoder/Driver 



AoO- 
Ai 0~ 
A2O- 
A3O- 
A4O- 
A9O- 
AioO- 
All O 



1 T 



I 



Memory Cell Array 
65536 words x 4 bits 



Block 1 Block 2 Blocks Block 4 



WE CH ■ ■ 

CS o4 



FVW FVW FVW I RW 

Circuit Circuit Circuit | Circuit 



I R^ I 

I Circuit I 



6 66 66 66 6 

DIo DOoDIi DO1DI2 DO2DI3 DO3 



■ ORDERING INFORMATION 


Type No. 


Access Time 


Package 


HM10504-10 
HM 10504- 12 


10 ns 
12 ns 


300 mil 28 pin Cerdip 
(DG-24V) 




■ PIN ARRANGEMENT 








o,.C 


1 28 


DC? 


DmC 


2 n 


DWE 


DuC 


3 26 


IlA,5 


0,3 C 


4 2S 


Da„ 


DooC 


5 24 


I]a,3 


Do,C 


6 23 


DA52 


VccC 


7 22 


Da„ 


D02C 


8 21 


Dv« 


D03C 


9 20 


Da,o 


AoC 


10 19 


Da, 


A.i: 


II 18 


Dab 


A,C 


12 17 


DA; 


A,C 


13 16 


DAe 


A4I: 


14 15 


DAs 




(Top View) 





TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


D,n 


H 


X 


X 


L ^ 


Not Selected 


L 


L 


L 


L 


Write "0'^ 


L 


L 


H 


L 


Write -r- 


L 


H 


X 


Dout* 


Read 



NOTES: X = Irrelevant; 

* = Read out noninvert 



PIN DESCRIPTION 



Pm Name 


Function 


A(rA,5 


Address Input 


D,o-D,3 


Data Input 


D00-D03 


Data Output 


WE 


Write Enable 


CS 


Chip Select 


Vcc 


Ground 


Vee 


Supply Voltage 
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HM10500-15 



— Preliminary 



262,144 Words x 1-Bit Fully Decoded Random Access Memory 

■ DESCRIPTION 

HM10500-15 is ECL10K compatible, 262,144-words x 1-bit, read/ 
write random access memory developed for high speed systems 
such as main memories for super computers. 

■ FEATURES 

•262,144-words x 1 -bit Organization 

• Fully Compatible with 10K ECL Level 

• Address Access Time 15ns (max.) 

• Write Pulse Width 10ns (min.) 

• Low Power Dissipation 520mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM 10500-15 


15ns 


300 mil 24 pin 
Cerdip (DG-24V) 



FUNCTION TABLE 



Input 


Output 


Mode 


CS 


we"~ 


D.n 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout^' 


Read 



NOTES: X = Irrelevant 

* 1 = Read Out Noninvert 




PIN ARRANGEMENT 









^'C 


, ^ 24 


3v.. 


'C 


2 23 


].,„ 


"C 


3 22 


JB 


«c 


4 21 


2w 


"C 


5 20 


D.i, 


"C 


6 19 


D.io 


'C 


7 la 


]a15 


«[; 


1 17 


3 AM 


"C 


9 16 


3a,3 


"C 


10 15 


].12 


"C 


11 14 


J.U 


V..C 


12 13 


]]a»o 




(Top View) 





(0. 8 4MAX) 




^INDZX(P1N HO. 1) 



0. 97«±0. 005 



(24. 74±0. 13) 



0. St4MAX 
0. 532mN 



(5. T9MAX) (13. 82UAX) 

(5. 28MIN) (13. 51UIN) 



*1 OFF SET INCLUDED 
UNIT: inch (mm) 



0. 03±0. 001 
(0. 7 8 2±0. 3) 




0. 000±0. 0015 
(0. 23±0. 04) 







S3 



(2. 29UAX) 



(0. i3lg:§5) 



0. 02 _ , „ , 

"Tq — Ti Kif«r«nci PoiDl 



0. 04±0. 005 
(1. 02±0. 13) 



(DG-24V) 
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BLOCK DIAGRAM 



HM10500-15 



A. o-i^ 
A. o— C5= 



A, 0-C5Z 



CO 

CO 

QQ 
QO 

<o 



MEMORY 
CELL ARRAY 

256X1024 



SENSE AMP 
and R/W 
CONTROL 



T 



Y-ADDRESS 
DECODER 





Ab As 



M7 
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HM10500-15- 



Absolute Maximum Ratings (Ta=25°C) 



Item 


Synfibol 


Rating 


Unit 


Supply Voltage 


Vee«°Vcc 


+0.5 to -7.0 


V 


Input Voltage 


V|n 


+0.5 to Vgg 


V 


Output Current 


'out 


-30 


mA 


Storage Temperature 


Tstg 


-65 to +150 


^'C 


Storage Tennperature 


T,,, (Bias)' 


-55 to +125 


^C 



* Under Bias 

Electrical Characteristics 

DC Characteristics (Vee=-5.2V, RL=50r2 to 
Item Symbol min (B) typ 



-2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 
max (A) Unit Test Condition 



-1000 



-840 



0°C 



-960 



-810 



+25X 



Output Voltage 



-900 



-720 



+75*'C 



-1870 



-1665 



-1850 



-1650 



-1830 



-1625 



0°C 



+25" C 



+75°C 



-1020 



Output Threshold 
Voltage 



-920 



-1645 



mV 



V| =V,, 



,orV, 



-1630 



-1605 



0°C 



+25" C 



+75°C 



0"C 



+25° C 



+75° C 



-1145 



-840 



-1105 



-810 



Guaranteed Input Voltage 
High for All Inputs 



Input Voltage 



-1045 



-720 



-1870 



-1490 



-1850 



-1475 



Guaranteed Input Voltage 
Low for All Inputs 



-1830 



-1450 



0°C 



+25"C 



+75^ 



0°C 



+25°C 



+75° C 



220 



Input Current 



0.5 



170 



-50 



ma 



CS 



Others 



to +75° C 



Oto+75°C 



Supply Current 1^^ 



-180 



-180 



mA 



All Inputs and Outputs Open, 
Test Pin 12 



Ta=0°C 



Ta=75°C 



AC Characteristics (Vee=-5.2V±5%, Ta=0 to +75 C, air flow exceeding 2m/sec) 

Read Mode 

item Symbol min typ max Unit Test Condition 



Chip Select Access Time 


^ACS 


- 


- 


15 


ns 


Chip Select Recovery Time 


^RCS 


- 


- 


10 


ns 


Address Access Time 


^AA 


- 


- 


15 


ns 
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Write Mode 



Address Hold Time 



Chip Select Setup Time 



Chip Select Hold Time 



Write Disable Time 



HM1 0500-1 5 



Item 


Symbol 


min 


typ 


max 


Unit 


Tatt Condition 


Write Pulse Width 


tw 


10 


~ 


- 


ns 


%SA"2ns 


Data Setup Time 


tWSD 


2 


~ 


- 


ns 




Data Hold Time 


%HD 


3 


- 


~ 


ns 




Address Setup Time 


%SA 


2 


- 


~ 


ns 


t^-IOns 



^WHA 



twscs 



tWHCS 



tws 



10 



Write Recovery Time 


Vr 


- 


- 


18 


ns 




Rise/FaU Time 
Ittm 


Symbol 


min 


typ 


max 


Unit 


Test Condition 


Output Rise Time 


tr 


- 


2 


- 


ns 




Output Fall Time 


tf 


- 


2 


^ 


ns 




Capacitance 
Item 


Symbol 


min 


typ 


max 


Unit 


Test Condition 


Input Capacitance 


C,n 


- 


3 


- 


pF 




Output Capacitance 


^out 


~ 


5 


~ 


PF 
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HM1 0500-1 5- 



Test Circuit and Waveforms 



Loading Condition 



Input Pulse 

-0.9V- 



FT 



1 



-17V '\ 

I 



6 «i=50Q 

- 2.0V Ct = 30pF 

(Includes probe 
and Jig capacitance) 



Read Mode 



\ / 



■ZJk 



\ 5096 



^^5096 



Write Mode 



K 



96 h/ 5096^'' 

yv .-y\ 



^ 



5096 5096 



K! 
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HM100494 Series 



— Preliminary 



16384-word x 4-bit Fully Decoded Random Access IVIemory 

The HM1 00494 is ECL 100K compatible, 16384-worcl by 4-bits 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 

Features 

16384-word X 4-bit organization 
Fully compatible with 100K ECL level 
Address access time: 1 0/1 2 ns (max) 
Write pulse width: 6 ns (min) 

Low power dissipation: 650 mW (typ) 
Output obtainable by wIred-OR (open emitter) 



Ordering information 



Type No. 


Access Time 


Package 


HM100494-I0 
HM100494-12 


10 ns 
12 ns 


400 mil 28-pin Cerdip 
(DG-28N) 


HM100494F-10 
HM100494F-12 


10 ns 
12 ns 


28-pin Ceramic Flat 
(FG-28D) 


Function Table 


Input 




Output Mode 


CS WE 


Din 


H X 


X 


L Not Selected 


L L 


L 


L Write "0" 


L L 


H 


L Write "1" 


L H 


X 


Dout*' Read 




(FG-28D) 




(DG-28N) 



Notes: x; Irrelevant 



* 1 ; Read Out Noninvert 



Block Diagram 



Pin Arrangement 



AOO- 






A7 A8 A9 AlO All A12 A13 

??????? 






Y-Decoder/Driver 






^ ^ ^ ^ 


















AlO-i 
















A2 0-1 
A3 0-^ 




-► 




Memory 
16384wor 


Ilell Array 
dsX4bits 






A4 0— 


Q 














A50- 


X 














A60— 






Block 1 


Block 2 


Block 3 


Block 4 






t t t t 




WEO- 

cs o- 


R/W 
Circuit 


R/W 
Circuit 


R/W 
Circuit 


R/W 
Circuit 








i A A A A A A A 

DIl DOl DI2 D02 DI3 DOS DI4 D04 
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HM1 00494 Series 



Absolute Maximum Ratings (Ta = 25X) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


Vin 


■+0.5 to Vee 


V 


Output Current 


lout 


-30 


mA 


Storage Temperature 


Tstg 


-65 to +150 


°C 


Storage Temperature 


Tstg(Bias)^* 


-55 to +125 


«C 



Note: *1: Under Bias 



Electrical Characteristics 

DC Characteristics (Vee = -4.5 V, Rl = 50Q to -2.0 V, Ta = to +85^C, air flow exceeding 2 m/sec) 



Item 


Symbol 


Min (B) 


Typ 


Max (A) 


Unit 


Test Condition 




VOH 


-1025 


-955 


-880 


mV 




Output Voltage 


Vol 


-1810 


-1715 


-1620 


mV 


Vin = ViHA or Vilb 


Output Threshold Voltage 


VOHC 


-1035 


— 


— 


mV 


Vin = VinB or Vila 


VOLC 


— 


— 


-1610 


mV 


Input Voltage 


VlH 


-1165 


— 


-880 


mV 


Guaranteed Input Voltage 


ViL 


-1810 


— 


-1475 


mV 


High/Lx)w for All Inpuis 




IlH 


— 


— 


220 


^A 


Vin = Vdia 


Input Current 


IlL 


0.5 
-50 


— 


170 


- ^lA 


Vin = Vilb 

Others 


Supply Current 


Iee 


-180 


— 


— 


mA 


All Inputs and Outputs Open 



AC Characteristics (Vee = -4.5 V ± 5%, Ta = to +85°C, air flow exceeding 2 m/sec) 
Read Mode 



Item 


Symbol 


HM100494-10 


HM100494-12 


Unit 


Test Condition 


Min Typ Max 


Min Typ Max 


Chip Select Access Time 


tACS 


— — 6 


— — 8 


ns 




Chip Select Recovery Time 


tRCS 


— — 6 


— — 8 


ns 




Address Access Time 


tAA 


— — 10 


— — 12 


ns 





Write Mode 



Item 



Address Hold Time 



Symbol 



HM100494-10 



HM100494-12 



Chip Select Setup Time 



Chip Select Hold Time 



Write Disable Time 



Write Recovery Time 



Min Typ Max Min Typ Max 



Unit 



Test Condition 



Write Pulse Width 


tw 


6 


— 


— 


8 


— 


— ns 


twsA = twsA min 


Data Setup Time 


tWSD 


2 


— 


— 


2 


— 


— ns 




Data Hold Time 


tWHD 


2 


— 


— 


2 


— 


— ns 




Address Setup Time 


tWSA 


2 


— 


— 


2 


— 


— ns 


tw = twmin 



2 — — 



2 — 



2 — — 



2 — 



2 — — 



2 — 



— — 6 



12 



14 
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HM1 00494 Series 



Rise/Fall Time 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Output Rise Time 


tr 


— 


2 


— 


ns 




Output Fall Time 


tf 


— 


2 


— 


m 




Capacitance 


Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Input C^acitance 


Cin 


— 


3 


— 


pF 




Output Capacitance 


Cout 


— 


5 


— 


pF 
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HM1 00494 Series 



Test Circuit and Waveforms 



Loading Condition 

Test Circuit 

c(GND) 



Input Pulse 




©0.9 V 



©1.7V 




Rl ZIICl 



©2.0V 



i?z. = 50Q 
Ci = 30pF 
(Includes probe 
and Jig capacitance) 



Read Mode 



cs 



50% 

tiJCS 



/ 



80% 

*50% 

■^c20% 



Write Mode 



cs 50% 



1%^- 



^ 



7V. 



tr=t/ = 2.0ns typ. 



)( 



-^r50% y^ 



\ 



I I 



Address ^ 


^50% 




^ "■■" 


Iaa 












Dout 






yt 



/ 



J' 



HITACHI 

1 276 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM100490 Series- 



Preliminary 



65536-Words x 1-Bit Fully Decoded Random Access Memory 

■ DESCRIPTION 

The HM100490 is ECL 100K compatible, 65536-words by 1-bit 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

■ FEATURES 

• 65536 X 1 Bit Organization 

• Fully Compatible with 100K ECL Level 

• Address Access Time 10/12ns (max.) 

• Write Pulse Width 6/8ns (min.) 

• Low Power Dissipation 500mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM100490-10 
HM100490-12 


10ns 
12ns 


300 mil 22 pin Cerdip 

(DG-22N) 



BLOCK DIAGRAM 



Ao Ai A2 A3 A 4 A12 Ai4 Ai5 

■ ???????? 



A5O- ^ 
AeO-g 
AyO- § 
AsO-e 
AqO- 8 

A10O- ? 

A11 O *f 
A13O- X 



WE CHT 

cs o4. 



Y— Decoder/Driver 



Memory Cell Array 
65536 words x 4 bits 



R/W Circuit 

~~5 — 

Din/Dout 




PIN ARRANGEMENT 











DoutE 


1 


22 


Hvcc 


AoC 


2 


21 


IJDin 


AlC 


3 


20 


DCS 


A2C 


4 


19 


UWE 


A3C 


5 


18 


I|Ai5 


A4E 


6 


17 


IlAl4 


AsC 


7 


16 


I]Ai3 


AeC 


8 


15 


I]A12 


A7C 


9 


14 


UA11 


AeC 


10 


13 


HAio 


VeeC 


11 


12 


HAS 




(Top View) 





FUNCTION TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write"!" 


L 


H 


X 


Douc* 


Read 



NOTES: X = Irrelevant; 

* = Read out noninvert 
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HM100490 Series 



■ ABSOLUTE MAXIMUM RATINGS (T^ = 25 


°C) 






Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to 07.0 


V 


Input Voltage 


Vm 


+0.5 to 03.0 


V 


Output Current 


^out 


030 


mA 


Storage Temperature 


Tstg 


065 to +150 


°C 


Storage Temperature 


^ stg(under bias) 


055 to +125 


°C 



■ ELECTRICAL CHARACTERISTICS 

' DC Characteristics (Vee = -4.5V, Rl = 50fi to -2.0V, Ta = to +85°C, air flow exceeding 2m/sec.) 



Item 


Symbol 


Test Condition 


Min.(B) 


Typ. 


Max. (A) 


Unit 


Output Voltage 


VoH 


Vin = ViHA or ViLB 


01025 


0955 


0880 


mV 


Vol 


01810 


01715 


01620 


mV 


Output Threshold Voltage 


Vqhc 


Vin = ViHB or Vila 


01035 


— 


— 


mV 


VOLC 


— 


— 


01610 


mV 


Input Voltage 


ViH 


Guaranteed Input Voltage 
High/Low for All Inputs 


01165 


— 


0880 


mV 


ViL 


01810 


— 


01475 


mV 




IlH 


Vin = ViHA 


_ 


— 


220 


(lA 


Input Current 


IlL 


V,n = ViLB 


CS 


0.5 


— 


170 


liA 




Others 


050 


— 


— 


Supply Current 


Iee 


All Inputs and Outputs Open 


0140 


— 


— 


mA 



• AC Characteristics (Vee = -4.5V ± 5%, Ta = to +85°C, air flow exceeding 2m/sec.) 
1. Read Mode 



Item 


Symbol 


Test Condition 


HM100490-10 


HM100490-12 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Chip Select Access Time 


tACS 




— 


— 


6 


— 


— 


8 


ns 


Chip Select Recovery Time 


tRCS 




— 


— 


6 


— 


— 


8 


ns 


Address Access Time 


tAA 




— 


— 


10 


— 


— 


12 


ns 



2. Write Mode 



Item 


Symbol 


Test Condition 


HM 100490- 10 


HM100490-12 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Write Pulse Width 


tw 


%SA = twsA i^iii- 


6 


— 


— 


8 


— 


— 


ns 


Data Setup Time 


twSD 




2 


— 


— 


2 


— 


— 


ns 


Data Hold Time 


twHD 


2 


— 


— 


2 


— 


— 


ns 


Address Setup Time 


twSA 


t^ = t\^ min. 


2 


— 


— 


2 


— 


— 


ns 


Address Hold Time 


twHA 




2 


— 


— 


2 


— 


— 


ns 


Chip Select Setup Time 


twscs 


2 


— 


_ 


2 


— 


— 


ns 


Chip Select Hold Time 


%HCS 


2 


— 


— 


2 


— 


— 


ns 


Write Disable Time 


tws 


— 


— 


6 


— 


— 


8 


ns 


Write Recovery Time 


tWR 


— 


— 


12 


— 


— 


14 


ns 
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HM100490 Series 



3. Rise/Fall Time 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Output Rise Time 


tr 




— 


2 


— 


ns 


Output Fall Time 


tf 


— 


2 


— 


ns 


4. Capacitance 


Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


C.n 




— 


3 


— 


pF 


Output Capacitance 


Cout 


— 


5 


— 


pF 



■ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 



Vcc (GND) 




0.01 mF^ Vee 



e2.ov 




ei.7V 




3. Read Mode 



CS |\ 



tRCS , 



Dout 



^ 



50% 



.JRCS^ 



g, i_80'2 



.tr tf 



80% 
50% 
20% 



y< 



50% 



tM 
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HM100490 Series - 
4. Write Mode 

/-\0 
























'' -is^k 






/ 


^ 








Address 50%)K 






X 


J 


1 


L __ 


Din 50%^ 


< 






/ 

^ 






















Wfc 






^ twSD ^ 


tw 


/ 


twHCS 








tws 


A 




tWHCS 


''I 


























Dout 


^ twscs 


\ 


7^50% 














-^ 


tWR 


, 


^ 
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HM100504F-10/12-Preliminary 

65536-Words x 4-Bit Fully Decoded Random Access Memory 

■ DESCRIPTION 

The HM100504 is ECL 100K compatible, 65536-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

■ FEATURES 

• 65536 X 4 Bit Organization 

• Fully Compatible with 100K ECL Level 

• Address Access Time 10/12ns (max.) 

• Write Pulse Width 8ns (min.) 

• Low Power Dissipation 500mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 

■ ORDERING INFORMATION 

Type No. Access Time Package 

HM100504F-10 10 ns 28 pin Ceramic Flat Package 
HM100504F-12 12 ns (30 mil lead Pitch) 



BLOCK DIAGRAM 



As As Ay As Ai2 A13 A14 A15 

■ ???????? 



Y — Decoder/Driver 



AoO- 
Ai O- 
A2C>- 
A3O- 
A4a- 
A9O- 
AioO~ 
A11 a- 



i J J i 



Memory Cell Array 
65536 words x 4 bits 



Block 1 Block 2 Block 3 Block 4 



WE OH ^ ^ 
CS CM 



PIN ARRANGEMENT 



fVW 
Circuit 



I^VW 
Circuit 



Circuit 



FVW 
Circuit 



6 66 66 66 6 

DIo DO0DI1 DO1DI2 DO2DI3 DO3 











Dioll 


1 


28 


Ucs 


D11 c 


2 


27 


DWE 


D12C 


3 


26 


I1A15 


D13C 


4 


25 


H Al4 


DooC 


5 


24 


I]A13 


D01 c 


6 


23 


H A12 


VccC 


7 


22 


D A11 


D02 c 


8 


21 


Hvee 


Dos C. 


9 


20 


I|Aio 


AoC 


10 


19 


DA9 


AlC 


11 


18 


DA8 


A2C 


12 


17 


5a7 


AsC 


13 


16 


::a6 


A4C 


14 


15 


DA5 




(Top View) 





TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


D,n 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



NOTES: X = Irrelevant; 

* = Read out noninvert 
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HM100500CG-18 



-— Preliminary 



262,144-Word x 1-Bit Fully Decoded Random Access Memory 

■ DESCRIPTION 

The HM100500CG-18 is ECL 100K compatible, 262,144-word x 
1-bit, read/write random access memory developed for high speed 
systems such as main memories for super computers. 

■ FEATURES 

• 262,144-Word x 1 -Bit Organization 

• Fully Compatible with 100K ECL Level 

• Address Access Time 18ns (max.) 

• Write Pulse Width 10ns (min.) 

• Low Power Dissipation 500mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 

■ ORDERING INFORMATION 



FUNCTION TABLE 



NOTES: X = Irrelevant 

* 1 = Read Out Noninvert 

■ BLOCK DIAGRAM 



A. a~t5Z 



A, o-tel 



Sw 

Qg 
I w 



MEMORY 
CELL ARRAY 

256X1024 



X 



SENSE AMP 
and R/W 
CONTROL 



IE 



V -ADDRESS 
DECODER 



ff 



A« A« All 




Type No. 


Access Time 


Package 


HM100500-18 


18ns 


24 pin CERDIP 
(DG-24V) 


HMi00500CG-18 


18ns 


28 pin LCC 
(CG-28B) 


HM100500F-18 


18ns 


24 pin Ceramic Flat 
(FG-24A) 



Input 


Output 


Mode 


CS 


WE 


Dm 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout*> 


Read 




~&>--o Dout 



CS 
WE 



■ PIN ARRANGEMENT 








(FG-24A) 




Ai6 1= !• 


24 DA,5 


Al7 C 2 >_^ 
WE C 3 index 


23 DAh 
22 3Ai3 


CS C 4 


21 DA12 


Din C 5 


20 DA11 


\fcc C 6 


19 DA10 


DoutC 7 


18 


DVpF 


Ao C 8 


17 


3A» 


Ai C 9 


16 DAq 


Ag C 10 


15 DA7 


A3 C 11 


14 3A6 


A4 C 12 


13 DA5 




(Top View) 






(DG-24V) 




Doutll 


1 


24 


Hvcc 


AoC 


2 


23 


IlD,„ 


AlC 


3 


22 


DCS 


A2C 


4 


21 


DWE 


A3C 


5 


20 


UA17 


A4C 


6 


19 


I]Al6 


AsB 


7 


18 


DAi5 


AeB 


8 


17 


IlA,4 


AtC 


9 


16 


I]Ai3 


Aed 


10 


15 


DA12 


A9E 


11 


14 


Haii 


VeeC 


12 


13 


Uaio 


( 


Top View) 




(CG-28B) 


Inin^ M M V, 


■,» v«» iw «•"• 








jall^l! 


li Un] \m Ia.i\ 






Lj LJ LJ LJ LJ lJ 




AI 


::a 


m: 


Cfi 


A2 


:a2 


ar 


\VK 


A3 


'-fj 


cm: 


A 17 


A4 


::c 


cic: 


AI6 


AS 


-«-■] 


ClL 


NC 


A6 


::c 


Z¥J. 


AI5 


A7 


:j«:: 


C3c: 


AU 


A8 


:iu 


m: 


AI3 




n rn r 


Tnr"ir-i 






\\»* ll3| I 


i\ |i5j |i6| \n\y/ 






A9 Vu, V.„ Aia All AU 




(Top View) 
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HM100500CG-18 



Absolute Maximum Ratings (Ta = 


= 25°C) 






Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


Vin 


+0.5 to Vee 


V 


Output Current 


lout 


-30 


mA 


Storage Temperature 


Tstg 


-65 to +150 


«C 


Storage Temperature 


Tstg(Bias)'* 


-55 to +125 


°C 



Note: *1; Under Bias 



Electrical Characteristics 

DC Characteristics (Vee = ^.5 V, Rl = 50Q to -2.0 V, Ta = to +85°C, air flow exceeding 2 m/sec) 



Item 


Symbol 


Min(B) 


Typ 


Max (A) 


Unit 


Test Conditions 




VOH 


-1025 


-955 


-880 


mV 




Output Voltage 


Vol 


-1810 


-1715 


-1620 


mV 


Vin = ViHA or Velb 


Output Threshold Voltage 


VOHC 


-1035 


— 


— 


mV 


Vin = ViHB or Vila 


VOLC 


— 


— 


-1610 


mV 


Input Voltage 


VlH 


-1165 


— 


-880 


mV 


Guaranteed Input Voltage 




VlL 


-1810 


— 


-1475 


mV 


High/Lx)w for All Inputs 




IlH 


— 


— 


220 


^A 


Vin = ViHA 


Input Current 


IlL 


0.5 
-50 


— 


170 


- ^A 


\7'„ - \7tj n 




Others 


Supply Current 


Iee 


-160 


— 


— 


mA 


All Inputs and Outputs Open 



AC Characteristics (Vee = -^.5 V ± 5%, Ta = to +85*'C, air flow exceeding 2 m/sec) 
Read Mode 



Item 


Symbol 


Min 


Typ 


CG-18 Max 


F-18 Max 


Unit 


Test Conditions _ 


Chip Select Access Time 


tACS 


— 


— 


18 


15 


ns 




Chip Select Recovery Time 


tRCS 


— 


— 


18 


10 


ns 




Address Access Time 


tAA 


— 


— 


18 


18 


ns 




Write Mode 


Item 


Symbol 


Min 


Typ 


CG-18 Max 


F-18 Max 


Unit 


Test Conditions 


Write Pulse Width 


tw 


10 


— 


— 




ns 


twsA=2 ns 


Data Setup Time 


tWSD 


2 


— 


— 








Data Hold Time 


tWHD 


3 


— 


— 




ns 




Address Setup Time 


tWSA 


2 


— 


— 




ns 


tw=10ns 



Address Hold Time 



Chip Select Setup Time 



Chip Select Hold Time 



Write Disable Time 



Write Recovery Time 



tWHA 



twscs 



tWHCS 



tws 



15 



10 



21 



21 
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HM100500CG-18 



Rise/Fall Time 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Output Rise Time 


tr 


— 


2 


— 


ns 




Output Fall Time 


tf 


— 


2 


— 


ns 




Capacitance 


Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input Capacitance 


Cin 


— 


3 


— 


pF 




Output Capacitance 


Cout 


— 


5 


— 


pF 





Test Circuit and Waveforms 



Loading Condition 

► Vcc(CND) 



Input Puise 





Read Mode 



«t=50Q 
20V a = 30pF( include! 
probe and jig 
capacitance) 



^"A f 



■ZJk 



K \20% 



Write Mode 



%. 



5fs 



5096* 



50% 



_\50% 50%;'^ 



\50% 




// I 



^P^50% 
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HM101494 Series 



— Preliminary 



16384-Words x 4-Bit Fully Decoded Random Access l\/lemory 

■ DESCRIPTION 

The HM101494 is ECL 100K compatible, 16384-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

■ FEATURES 

• 16384 X 4 Bit Organization 

• Fully Compatible with 100K ECL Level 

• Address Access Time 10/12ns (max.) 

• Write Pulse Width 6/8ns (min.) 

• Low Power Dissipation 750mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 

■ ORDERING INFORMATION 



Type No. 


Access Time 


Package 


HM101494-10 
HM101494-12 


10ns 
12ns 


400 mil 28 pin Cerdip 
(DG-28N) 


HM101494F-10 
HM101494F-12 


10ns 
12ns 


28 pin Ceramic Flat 
(FG-28D) 



BLOCK DIAGRAM 



A7 A9 A10 A11 A12 Ai3 

? 9 9 ? 9 ? 



Y— Decoder/Driver 



AoO- 
Ai O- 
A2O- 
A3O-" 
A4O- 
A5O- 
AeO- 
AaO- 



i i i i 



Memory Cell Array 
16384 words X 4 bits 



Blod<1 Block 2 Blocks Blod«4 



t t t T 



WE 
CS 



8:1 



FVW I FVW FVW I RTW 

Circuit I Circuit Circuit | Circuit 



6 66 66 66 6 

Dh DO1DI2 DO2DI3 DO3DI4 DO4 




(FG-28D) 




(DG-28N) 



PIN ARRANGEMENT 











Dm C 


1 


28 


Hcs 


D12C 


2 


27 


HWE 


D13C 


3 


26 


Un/c 


D14C 


4 


25 


I]Ai3 


D01 c 


5 


24 


I]A12 


D02C 


6 


23 


HAh 


VccC 


7 


22 


HAio 


VccaC 


8 


21 


Hvee 


D03E 


9 


20 


DA9 


D04 C 


10 


19 


DA8 


AoC 


11 


18 


DA7 


AlC 


12 


17 


DA6 


A2C 


13 


16 


HAS 


AaC 


14 


15 


DA4 




(Top View) 





FUNCTION TABLE 



Input 


Output 


Mode 


CS 


WE 


D.n 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write"!" 


L 


H 


X 


Dout* 


Read 



NOTES: X = Irrelevant; 

* = Read out noninvert 
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HM101494 Series 



■ ABSOLUTE MAXIMUM RATINGS (Ta = 25 


"C) 






Item 


Symbol 


Rating 


Unit 


Supply Voltage 


VeeIoVcc 


+0.5 to 07.0 


V 


Input Voltage 


Vin 


+0.5 to Vee 


V 


Output Current 


lout 


930 


mA 


Storage Temperature 


'^stg 


965 to +150 


°C 


Storage Temperature 


Tstg(bias)^*^ 


955 to +125 


°C 



NOTES: 1. Under bias. 

2. Ceramic flat . . . Tc, Cerdip . . . Ta. 

■ ELECTRICAL CHARACTERISTICS 

• DC Characteristics (Vee = -5.2V, Rl = 5012 to -2.0V(2), t^ = to +85°C, air flow exceeding 2m/sec.(2), 
Tc =0to +85°C) 



Item 


Symbol 


Test Condition 


Min.(B) 


Typ. 


Max.(A) 


Unit 


Output Voltage 


VOH 


Vin = ViHAOrViLB 


91025 


9955 


9880 


mV 


Vol 


91810 


91715 


91620 


mV 


Output Threshold Voltage 


VoHC 


Vin = V,HBOrVitA 


91035 


— 


— 


mV 


VoLC 


— 


— 


91610 


mV 


Input Voltage 


ViH 


Guaranteed Input Voltage 
High/Low for All Inputs 


91165 


— 


9880 


mV 


ViL 


91810 


— 


91475 


mV 




IlH 


Vin = ViHA 


— 


— 


220 


M 


Input Current 


IlL 


Vin = V,LB 


CS 


0.5 


— 


170 


i^A 




Others 


950 


— 


— 


Supply Current 


Iee 


All Inputs and Outputs Open 


9180 


— 


— 


mA 



• AC Characteristics (Vee = -5.2V ± 5%(2), T^ = to +85°C, air flow exceeding 2m/sec.(2), 
Tc = 0to +85°C) 

1. Read Mode 



Item 


Symbol 


Test Condition 


HM101494-10 


HM 101494- 12 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Chip Select Access Time 


Ucs 




— 


— 


6 


— 


— 


8 


ns 


Chip Select Recovery Time 


tRCS 




— 


— 


6 


— 


— 


8 


ns 


Address Access Time 


tAA 




— 


— 


10 


— 


— 


12 


ns 



2. Write Mode 



Item 


Symbol 


Test Condition 


HM101494-10 


HM 101494- 12 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Write Pulse Width 


tw 


twsA = twSA inin- 


6 


— 


— 


8 


— 


— 


ns 


Data Setup Time 


twsD 




2 


— 


— 


2 


— 


— 


ns 


Data Hold Time 


twHD 


2 


— 


— 


2 


— 


— 


ns 


Address Setup Time 


twSA 


^w ~ ^w n^in. 


2 


— 


_ 


2 


— 


— 


ns 


Address Hold Time 


twHA 




2 


— 


— 


2 


— 


— 


ns 


Chip Select Setup Time 


twscs 


2 


— 


— 


2 


— 


— 


ns 


Chip Select Hold Time 


tWHCS 


2 


— 


— 


2 


— 


— 


ns 


Write Disable Time 


tws 


— 


— 


6 


— 


— 


8 


ns 


Write Recovery Time 


tWR 


— 


— 


12 


— 


— 


14 


ns 
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HM101494 Series 



3. Rise/Fall Time 



■ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 



2. Input Pulse 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Output Rise Time 


tr 




— 


2 


— 


ns 


Output Fall Time 


tf 


— 


2 


— 


ns 


4. Capacitance 


Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


Cin 


WE, CS, D„, Di2 


— 


5 


— 


pF 


Others 


— 


3 


— 


pF 


Output Capacitance 


^out 




— 


3 


— 


pF 



Vcc (GND) 




0.01 MF^ V,, 



O2.0V 



O0.9V 



01.7V 





3. Read IMode 



CS 



Dout 



v 



tRCS . 



/' 



jf' 



50% 



*iB5^ 






80% 
50% 
20% 



Z>( 



50% 



tAA 
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HM101494 Series 
4. Write l^ode 



CS 

Address 
Din 

WE 
Dout 



50% 



^ 



50% 



)k: 



50% 



X 



twSA 



<^'^P> 



^s I 



twscs 



tw 



>. 



X 



X 



tWHCS ^ 



tyVHCS 



tWR 



7^50% 
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HM101490 Series 



— Preliminary 



65536-Words x 1-Bit Fully Decoded Random Access Memory 

■ DESCRIPTION 

The HM 101490 is ECL 100K compatible, 65536-words by 1-bit 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

■ FEATURES 

• 65536 X 1 Bit Organization 

• Fully Compatible with 100K ECL Level 

• Address Access Time 10/12ns (max.) 

• Write Pulse Width 6/8ns (min.) 

• Low Power Dissipation 570mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 



■ ORDERING INFORMATION 




Type No. 


Access Time 


Package 


HM101490-10 
HM101490-12 


10ns 
12ns 


300 mil 22 pin Cerdip 

(DG-22N) 



BLOCK DIAGRAM 



Ao Ai A2 A3 A4 A12 Ai4 Ai5 

99999999 



Y-— Decoder/Driver 



A5O- ^ 
AeO-^ 
A7CH § 
AsOe 

A9O- 2 
A10O I 
All O- I 
AiaO- ^ 



Memory Cell Array 
65536 words x 4 bits 



WE 
CS 



81 



R/W Circuit 



DIn/Dout 




PIN ARRANGEMENT 











Dout \Z 


1 


22 


D vcc 


AoC 


2 


21 


IjDin 


AlC 


3 


20 


DCS 


A2C 


4 


19 


HWE 


A3C 


5 


18 


I]A15 


A4C 


6 


17 


U Ai4 


AsC 


7 


16 


H Ai3 


AeC 


8 


15 


H A12 


A7C 


9 


14 


I]A11 


AsC 


10 


13 


U A10 


VeeE 


11 


12 


IIA9 




(Top View) 





■ FUNCTION TABLE 




Input 


Output 


Mode 


CS 


WE 


D.n 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write"!" 


L 


H 

. , J 


X 


Dout* 


Read 



NOTES: X = Irrelevant; 

* = Read out noninvert 
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HM101490 Series 



■ ABSOLUTE MAXIMUM RATINGS (T^ = 25 


X) 






Item 


Symbol 


Rating 


Unit 


Supply Voltage 


VEEtoVcc 


+0.5 to 07.0 


V 


Input Voltage 


Vin 


+0.5 to 03.0 


V 


Output Current 


*out 


030 


mA 


Storage Temperature 


"^stg 


065 to +150 


°C 


Storage Temperature 


^ stg(under bias) 


055 to +125 


°C 



I ELECTRICAL CHARACTERISTICS 

DC Characteristics (Vee = -5.2V, Rl = 50fl to -2.0V, Tg = to +85°C, air flow exceeding 2m/sec.) 



Item 


Symbol 


Test Condition 


Min.(B) 


Typ. 


Max.(A) 


Unit 


Output Voltage 


VoH 


Vin=ViHAOrViLB 


01025 


0955 


0880 


mV 


Vol 


01810 


01715 


01620 


mV 


Output Threshold Voltage 


VOHC 


Vin = ViHB or Vila 


01035 


— 


— 


mV 


VoLC 


— 


_ 


01610 


mV 


Input Voltage 


VlH 


Guaranteed Input Voltage 
High/Low for All Inputs 


01165 


— 


0880 


mV 


ViL 


01810 


— 


01475 


mV 




IlH 


Vin = ViHA 


— 


— 


220 


HA 


Input Current 


IlL 


Vin = ViLB 


CS 


0.5 


— 


170 


HA 




Others 


050 


— 


— 


Supply Current 


Iee 


All Inputs and Outputs Open 


0140 


— 


— 


mA 



• AC Characteristics (Vee = -5.2V ± 5%, Ta = to +85°C, air flow exceeding 2m/sec.) 
1. Read Mode 



Item 


Symbol 


Test Condition 


HM 101490- 10 


HM101490-12 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Chip Select Access Time 


Ucs 




— 


— 


6 


— 


— 


8 


ns 


Chip Select Recovery Time 


tRCS 




— 


— 


6 


— 


— 


8 


ns 


Address Access Time 


tAA 




— 


— 


10 


— 


— 


12 


ns 



2. Write Mode 



Item 


Symbol 


Test Condition 


HM101490-10 


HM101490-12 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Write Pulse Width 


tw 


twsA = %SA iwin. 


6 


— 


— 


8 


— 


— 


ns 


Data Setup Time 


%SD 




2 


— 


— 


2 


— 


— 


ns 


Data Hold Time 


tWHD 


2 


— 


— 


2 


— 


— 


ns 


Address Setup Time 


twSA 


tw ~ ^w min. 


2 


— 


— 


2 


— 


— 


ns 


Address Hold Time 


tWHA 




2 


— 


— 


2 


— 


— 


ns 


Chip Select Setup Time 


twscs 


2 


— 


— 


2 


— 


— 


ns 


Chip Select Hold Time 


twHCS 


2 


— 


— 


2 


— 


— 


ns 


Write Disable Time 


tws 




— 


6 


— 




8 


ns 


Write Recovery Time 


twR 




— 


12 


— 




14 


ns 
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HM101490 Series 



3. Rise/Fall Time 



■ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 



Vcc (GND) 



0.01 u pi ,? 




:^ 



Vee ©2.0V 




81. 7V 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Output Rise Time 


tr 




— 


2 


— 


ns 


Output Fall Time 


tf 


— 


2 


— 


ns 


4. Capacitance 


Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


Cin 




— 


3 


— 


pF 


Output Capacitance 


^out 


— 


5 


— 


pF 




3. Read l\/lode 



CS \ 



tRCS , 



Dout 



X' 



50% 



,3cs^ 



r i-80% 



80% 
50% 
20% 



ZDvSi 



tAA 
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HM101490 Series 
4. Write Mode 



CS 

Address 
Din 

WE 
Dout 



50% 



X. 



50% 



)K 



50% 



X 



tWSA 



^ twSD ^ 



tw 



twscs 



■\. 



X 



X 



tWHCS 



tWHCS 



Jf 



tWR 



50% 
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HM101504F-10/12-Preliminary 

65536-Words x 4-Bit Fully Decoded Random Access Memory 

■ DESCRIPTION 

The HM101504 is ECL 100K compatible, 65536-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

■ FEATURES 

• 65536 X 4 Bit Organization 

• Fully Compatible with 100K ECL Level 

• Address Access Time 10/12ns (max.) 

• Write Pulse Width 8ns (min.) 

• Low Power Dissipation 500mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 

■ ORDERING INFORMATION 

Type No. Access Time Package 

HM101504F-10 \0m 

HM101504F-12 12 ns ^ ^ 



PIN ARRANGEMENT 











NO C. 


1 


32 


:]cs 


DioC 


2 


31 


I] WE 


Dll E 


3 


30 


UNO 


D12C 


4 


29 


I] NO 


D13C 


5 


28 


I]Ai5 


DooE 


6 


27 


I]Al4 


D01 E 


7 


26 


iJAis 


VccL 


8 


25 


IIA12 


Vcco C 


9 


24 


UVee 


D02C 


10 


23 


I]Aii 


D03E 


11 


22 


I]Aio 


AoC 


12 


21 


DA9 


AlC 


13 


20 


DA8 


A2C 


14 


19 


I]A7 


A3E 


15 


18 


DA6 


A4C 


16 


17 


I]A5 




(Top View) 





BLOCK DIAGRAM 



AoO- 
Ai O- 
A2CK- 
AaO- 
A4O- 
A9O- 
A10O 
A11 O- 



A5 Ae A7 As A12 Ai3 Ai4 A15 

9 9 9 9 9 9 9 9 

I Y — Decoder/Driver | 



I 



Memory Cell Array 
65536 words x 4 bits 



Block 1 Block 2 Blocks Block 4 



- t i i -j 



WE 
CS 



?i 



FVW 
Circuit 



R/W 
Circuit 



6 66 66 

Die DOqDIi DO1DI2 



RW 
Circuit 



RW 
Circuit 



6^ 

DO2DI3 



DO3 



TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


D,n 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



NOTES: X = Irrelevant; 

* = Read out noninvert 
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HM101500F-15 



— Preliminary 



262144-Words x 1-Bit Fully Decoded Random Access Memory 

■ DESCRIPTION 

HM101500F-15 is ECL 100K compatible, 262144-words by 1-bit. 
read/write random access memory developed for high speed sys- 
tems such as main memories for super computers. 

■ FEATURES 

• 262,144-Words x 1 Bit Organization 

• Fully Compatible with 100K ECL Level 

• Address Access Time 15ns (max.) 

• Write Pulse Width 10ns (min.) 

• Low Power Dissipation 500mW (typ.) 

• Output Obtainable by Wired-OR (Open Emitter) 

■ TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


D.n 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write"!" 


L 


H 


X 


Dout* 


Read 



NOTES: X = Irrelevant; 

* = Read out noninvert 

■ ORDERING INFORMATION 



Type No. 



Access Time 



Package 



HM101500F-15 
HM101500CG-15 



15 ns 24 pin Ceramic Flat 

15 ns 28 pin Ceramic LCC 



BLOCK DIAGRAM 



Dout 




Ae Ao A10A11A12 



A16 Ai7 




(FG-24A) 




(CG-28B) 



PIN ARRANGEMENT 



AieQ 

mz 

CS C 
Din C 
VccC 
Dout C 
AqC 
AiC 

A2 c 

A4a 



3Ai5 

DAu 

DA13 

DA12 

3Av 

3Aio 

DVee 

DAg 

DAs 

DA7 

3A6 

DAs 



(Top View) 



'"^^AgDoNfcci^^g^fc^Din 





i?][?l.jJNfeiy> 


A1 


Xj 111" 


A2 


A-J ir?t: 


A3 


S IM: 


A4 


J-J LCC-28 L22. 


As 


IC (Top View) \Mz 


As 


..?.. l2Q 


A7 


10 J ,.19 


As 


11" J l"8 




rn '"] r"T ^^ ^"\ n 




{12| {1^ |14| |15{ 16! il7!/ 



A 
A 

Al7 
A18 

A 

Al5 
Ai4 
Ai3 



(Top View) 
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HM101500F-15 



■ ABSOLUTE MAXIMUM RATINGS (T^ = 25 


°C) 






Item 


Symbol 


Rating 


Unit 


Supply Voltage 


VEEtoVcc 


+0.5 to 07.0 


V 


Input Voltage 


V.n 


+0.5 to Vee 


V 


Output Current 


*out 


030 


mA 


Storage Temperature 


Tstg 


065 to + 150 


°C 


Storage Temperature 


Tstg(bias)* 


055 to +125 


X 



I ELECTRICAL CHARACTERISTICS 

DC Characteristics (Vee = -5.2V, Rl = 50fi to -2.0V, Tc = to +85°C) 



Item 


Symbol 


Test Condition 


Min.(B) 


Typ. 


Max.(A) 


Unit 


Output Voltage 


VoH 


Vin = V,HAOrViLB 


01025 


0955 


0880 


mV 


Vol 


01810 


01715 


01620 


mV 


Output Threshold Voltage 


Vqhc 


Vin = ViHB or Vila 


01035 


— 


— 


mV 


VOLC 


— 


— 


01610 


mV 


Input Voltage 


VlH 


Guaranteed Input Voltage 
High/Low for All Inputs 


01165 


— 


0880 


mV 


ViL 


01810 


— 


01475 


mV 




IlH 


Vin = ViHA 


— 


— 


220 


M 


Input Current 


IlL 


V,n = ViLB 


CS 


0.5 


— 


170 


IxK 




Others 


050 


— 


— 


Supply Current 


Iee 


All Inputs and Outputs Open 


0200 


— 


— 


mA 



• AC Characteristics (Vee = -5.2V ± 5%, Tc = to +85°C) 
1. Read Mode 



Item 


Symbol 


' Test Condition 


Min. 


Typ. 


Max. 


Unit 


Chip Select Access Time 


Ucs 




— 


— 


15 


ns 


Chip Select Recovery Time 


tRCS 




— 


— 


10 


ns 


Address Access Time 


tAA 




— 


— 


15 


ns 



2. Write Mode 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Write Pulse Width 


tw 


twsA = 2ns 


10 


— 


— 


ns 


Data Setup Time 


%SD 




2 


— 


— 


ns 


Data Hold Time 


tWHD 


3 


— 


— 


ns 


Address Setup Time 


twSA 


tw = 10ns 


2 


— 


— 


ns 


Address Hold Time 


%HA 




3 


— 


— 


ns 


Chip Select Setup Time 


twscs 


2 


— 


— 


ns 


Chip Select Hold Time 


tWHCS 


3 


— 


— 


ns 


Write Disable Time 


tws 


— 


— 


10 


ns 


Write Recovery Time 


tWR 


— 


— 


18 
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HM101500F-15 — 
3. Rise/Fall Time 



■ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 



Vcc (GND) 

9 




0-01 PF^ Ve. 



O2.0V 




01.7V 



Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Output Rise Time 


tr 




— 


2 


— 


ns 


Output Fall Time 


tf 


— 


2 


— 


ns 


4. Capacitance 


Item 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit 


Input Capacitance 


C,n 




— 


3 


— 


pF 


Output Capacitance 


^out 


— 


5 


— 


pF 




3. Read Mode 



CS 



Dout 



\. 



tRCS , 



/' 



jf' 



50% 



S 80<! 



80% 
50% 
20% 



Z>( 



50% 



tAA 



y^ 



50% 
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HM101500F-15 



4. Write Mode 



CS 

Address 
Din 

WE 
Dout 



50% 



\. 



50% 



X 



50% 



K 



tWSA 



^ twSP ^ 



^^ I 



twscs 



tw 



X. 



X 



X 



tWHCS 



tWHCS 



Jf 



tWR 



50% 
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